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The World of Construction will provide an opportunity for you to become more
familiar with the man-made world around you—that part of the world built by the
construction industry. Just how important construction is can be observed by :
tracing your steps backwards for the past few days. ;

You live in a house or an apartment house which was censtructed. You get ic :
school over roads and streets that were built for safe travel. You study in a school,
and members of your family work in factories, office buildings, or other structures
built for special purposes. The water ycu drink comes through pipelines built by the
construction industry, and the TV you watch is made possible by transmission lines
and towers built for you by the construction industry. There isn’t much that you
can do that can’t be traced back to the efforts of the construetion industry. This
course, developed in conjunction with all aspects of the construetion industry, pro-
vides you an opportunity to better understand construction.

The first edition of this textbook was written in 1967; and, since then, many
representatives of the construction industry have participated in revising and up-
dating this material to its present form. As the text states, “They (labor and man-
agement) work together in many areas such as (1) training programs, (2) work
promotion, and (3) safety programs.” Through this joint venture, materials have
developed which help point out that labor and management do have disagreements,
but our common goals are achieved by cooperative efforts which overconie the
differences.

: The text ranges over the entire construction industry. Coupled with laboratory
3 activities, the text should help you gain a working knowledge of what construction
3 personnel do. The program is not intended to provide you with the knowledge or
F skill to perform as experts, but it can help you understand what experts know and do.
Representing major groups within the construction industry, we recomniend
3 The World of Construction as an important area of study. Students who may later
L join the industry as contractors or craftsmen want to know much about the team
they are joining. Regardless of their career choice, the construction industry will be
& important to them.

Welcome to The World of Construction.
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You are about to begin a new and exciting kind of education. You will
gain first-hand knowledge about the man-made world you live in. With
this knowledge you will be able to view this constructed world with greater
understanding, appreciation, and insight. Until now few students have
had a chance to study man’s practices in construction. To provide that
opportunity, this educational program has been developed. :

You may find the World of Construction so fascinating that you will
want to make construction your life’s work. Even if your life’s work is in
some other field, you still need some basic knowledge about construction.
You will soon be a voting citizen. Then you will make decisions that
affect the nature of the man-made environment. Whether or not society
builds a satisfying and beautiful environment, or a frustrating and ugly
one, depends on people’s knowledge of the constructed world.

This textbook was written by professionals in the construction field,
so you can be sure that what you read is accurate and up-to-date. The
readings will help you form concepts or mental pictures of what the
construction world is like. In the laboratory, working with a laboratory
manual, techniques, tools, and materials, you will solve real construction
problems that relate to the readings. In solving these problems, you will
learn to use some of the basic practices of modern construction.

The World of Construction is a part of the answer to the growing demand
for educational programs that deal with important industrial concepts.
This program provides an excellent basis for advanced industrial educa-
tion programs and for future life in our society.

Dr. Donald G. Lux
Dr. Willis E. Ray
Co-Directors
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L'IE—Selecting a builderJ
20—Contracting
- 21—Estimating and bidding

22—Scheduling

-{54—Making |ns;_)ections‘ul

- 68—Transferring the project

23—Working as a contractor

24—Collective bargaining

-ES—Hiring contruction personnel

| 26—Training and educating
for construction

27—Working conditions

28—Advancing in construction

34—Handling grievances

! .’

H55—Mediating and arbitrating_]

| 59— Striking I

.
A%

H. 30—Getting ready to build |

31—Clearing the site

32—Locating the structure

33—EarthmoviEg—_|
35-—Stabilizing earth and structure

36-—Classifying structures

 37—Setting foundations_|

- 38—Building forms
- 39-—Setting reinforcement
- 40—Mixing concrete

[41— Placing and finishing concrete
42— Completing foundations

-[—43— Building superstructures

44—Building mass and masonry superstructures
45—Erecting steel frames

46—Erecting concrete frames

47—Building wood frames

48—Installing utilities

_|nsta||ing heating, cooling, and
ventilating systems
-50— Installing plumbing systems
- 51— Installing piping systems
~52— Installing electrical power systems
53— Installing electrical communications systems

49

-4 56—Enclosing framed superstructures

—~57—Roofing

- 58—Enclosing exterior walls

- 60— Insulating

- 61— Applying wall materials

- 62— Applying ceiling materials
63— Laying floors

64-Finishing the project

i:GS—Painting and decorating
66~ Installing aqcessories

1

67— Completing the site

69— Servicing property




Man and

Technology

In the beginning, the heavens, the earth,
and man were formed. Man, from the past
to the present, has changed the form of the
earth’s resources to satisfy his wants. The
way man makes these changes is called
technology. Let us think of what technology
is and how technology has changed our lives.

The Dawn of Man

Imagine that you are living almost two
million years ago. You don’t go to school, be-
cause there are no schools. You have nothing
but your physical and mental ability. You
have no clothes, no tools, no home, no reli-
gion, no food saved, and no cities. Other than
your family, you don’t see many other hu-
man beings. Too many people in the same
place cut down the food supply.

You might be running across a grassy
plain somewhere in - Africa. You see your
mother, far away, chasing some animal to
get food for you. You haven’t had anything
to eat for a long time. Your father is out
hunting too, and you haven’t seen him for
many days. All at once, there is a loud
squeal. Your mother has gotten some food
for you by killing an animal. Together you
rip it apart and eat the raw meat. _

Just then, there is a rustle in the bushes
You are afraid because you don’t know what
it is. When you look up, you see it is your
father. He can’t say much to you, because
you really don’t have a- well developed lan-
guage. He grunts and makes sounds. You un-
derstand some of these sounds, but most of
what he tells you is by motions. You notice
something. Your father has been bleeding a
lot. His legs and stomach are covered with

a4
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blood. He must have been attacked by some
large animal. Man, compared to many ani-
mals, is not very strong. Man does, however,
have a very important advantage over ani-
mals. He can think and outwit the animals
which hunt him.

Now that your father has come back, you
want to go home. But you don’t have a house
or even a cave. All you can do is find a bush
or a tree. There you lie down and sleep until
you wake up and hunt for some more food.
It may be the middle of the night, or it may
be the next day when you get up. It doesn’t
make any difference, because you don’t know
what time is. You don’t know about time as
we know it today.

After some sleep, a sound wakes you.
Something must be wrong because of all the
noise. An animal is about to attack ycu and
your parents. Because of fear, your father
does something that you have never seen
him do before. He picks up a stone and
throws it at the animal. Because of a very
lucky shot, he kills it. ‘

Something 1mportant has happened just
now. No one has ever done this—used a
stone to protect himself and to kill an ani-
mal. What was that stone? Was it a tool?
The word has not yet-been made up. How-
ever, it is a tool. Your father used it to pro-
tect himself and to get food for another day.
Could this have been how the first tool was
discovered? What we know about the past
tells us that the first tools were just stones,
Fig. 1-1. They:were sharp or jagged for klll-
ing and cutt*ng -These stones helped ‘man

keep ahve in his dangerous world:”

'The way. early man made and . used stone
tools to get food and to protect himself can
be called technology (knowing how to use
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2 The Wesld of Construction

tools and techniques efficiently). Because of
his lucky shot with the stone, your father
learned something he had never known be-
fore. Since it killed the animal, he now knew
that he could both get food and protect him-

Fig. 1-1. Technology took a big step forward when
man began to use tools to satisy his wants.

Fig. 1-2. Man using a shovel to move earth.

self by using stones. Therefore, he practiced
doing this. He learned:

1. How big the stonz had to be,

2. How hard to throw it,

3. How close he had to be to animals to
kill them, and

4, Where to hit the animals.

He learned technology (how to use his stone
tool to get the best results).

Now you have two advantages over ani-
mals and creatures around you. You can
think and reason, and you have tools to in-
crease your physical ability. Tools were one
of the first great steps forward for man-
kind. Man increased his production (Fig.
1-2) by using technology to make and use
larger, faster tools (Fig. 1-3).

The Beginning of an Economic System

When man developed new tools to help
him with farming or hunting, he worked
with stones. Then he discovered metal. He
found copper in Egypt about 5,000 years ago.
Bronze was then developed about 3,500 years
ago. Not long after this, iron was first used

Fig. 1-3. Man using a machine to move earth.
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in Europe. Using metals gave man more con-
trol in his struggle against nature. He also
began to develop a new technology for mak-
ing tools.

At this point in history, not everyone had

to spend all his time getting food. Some peo-
ple could spend more time doing other things

‘that interested them. They began to spe-

cialize or do those things they could do best.
For example, they made clothing, built shel-
ter to live in, developed government, taught,
or, perhaps, became entertainers. A man
using a shovel (Fig. +-2) can move more dirt
than if he used only his bare hands. This
same man can move more earth with a spe-
cialized tool, Fig. 1-3. He can now work at a
similar task, but he has a higher output and
he has better working conditions. A spe-
cialized worker can trade or sell the work he
does to others. Then he can, in turn, get what
he wants from this trading and selling.

Early men had to make for themselves
whatever they wanted. Now men specialize
and use technology to make an abundance of
products. These are distributed by an eco-
nomic system. This system provides you with
most of what you use.

The products traded in the economic sys-
tem are usually divided into goods and serv-
ices. Goods are materials such as homes,
radios, streets, and milk shakes. Services
are such things as a haircut, a bus ride, or
the chance to see a movie. Technology is

used to provide both goods and services, but

in this course you will study mostly about
the technology which produces goods -or
materials. ' ’

Processing Economié Goods

There are two-ways of getting materials:

1. Extracting from nature
2. Natural reproduction

Most of these materials are processed before
we use them for our wants. There are two
ways of processing materials:

Man and Technology 3

1. Construction
2. Manufacture

The following paragraphs explain each of
these.

Eaxtraction is the process of getting ma-
terials from where they are found in nature.
Examp:es of this are:

1. Getting crude oil by drilling a hole in
the ground and pumping out the oil,

2. Panning a stream and collecting the
gold,

3. Digging a beach in South Africa to
mine for diamonds, and

4. Digging gravel out of a gravel pit.

All of these are processes of getting useful
materials by extraction, Fig. 1-4.

Reproduction is a process of nature. Us-
ing seeds to grow a tree for your front yard,
getting a puppy from a mother dog, and
seeding your yard so you will have grass are
all part of the process of reproduction. Re-
production is the normal life process, Fig.
1-5.

" Fig."1-4.. So‘rhe,moteriéls, such as cddlv,"'dr'ev taken

directly from the earth and are used up.
This taking of natural resources from the
earth is called extraction.
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4 The World of Construction

Fig. 1-5. Some materials such as these tree seedlings
and the lumber they will someday become,
are grown. This natural reproduction
provides us \vith many of our materials.

Construction is building something on a
site. Examples of construction are:

1. Building a house,

2. Putting in a sewage system, and

3. Building a bridge over a river.
These are all examples of taking raw mate-
rials, processing them, and assembling them
(putting them together) at a certain loca-
tion to make something that you want.

Manufacture is producing products in a
factory or plant. Making a radio or an auto-
mobile, building a jet airplane, or putting
together a coloring book are all examples of
manufactiring.

Industry

“You have learned that there are four ways
to produce the material things that you
want:

1. Extraction,

2. Reproduction,

Fig. 1-6. Many material goods are constructed on the site. This year you will study the technology that makes
these things possible.

18-
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3. Construction, and

4. Manufacture.

Reproduction uses a product that is found in
nature. Ezxtraction, although it might be
complicated, still uses nature’s products.
Neither of them do much to change the ma-
terials they produce. Sometimes extracted
or reproduced materials are greatly changed
in form (processed). Industry is the part of
the economic system that changes the form
of a material. Construction and manufacture
are the two major parts of industry.

Now that you know what industry is, what
would you say industrial arts is? An art is
usually defined as an ability or skill. Indus-
try is changing the form of materials. When
you put “industry” together with “arts,” in-
dustrial arts can be defined as the study of
the use of tools and techniques to construct
and manufacture goods and to service these

Man and Technology S5

goods. Therefore, industrial arts is the study
of construction and manufacturing technol-
ogy. This year, you will study construction
technology, Fig. 1-6.

Summary

As technology developed, man began to
specialize and to do the things he was best
at and that -he liked to do. He learned to
trade or sell what he had to others who
wanted it. In turn, he could get what he
wanted from this trading and selling. This
specialization led to the development of an
economic system.

There are many products that each of us
may want. These can be put into two differ-
ent groups: (1) material goods. and (2)
services.

Technology
1 -1 |.
Economic System Other Uses
I
Provides
I
| , - 1
Material Goods Services |
_ Biological reproduction- Minor »Cha'n'ge - Communications
~ | Mino ] meecetie cargd
| . . in form (agriculture, .,_,F-Dom_estl‘c sﬁ,ﬂervnce.
g ' mini ) L i ‘
| Extraction - mining, etcA)_.; - Entertalnment
— Construction- T -Finance .-
SR | Major change _ Health
| S .in form (industry SR
| Manufacture —_— ( o sgfy) flegal. -
L ; ~Marketing
. F Transportation
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6 The World of Construction

Material goods can be gotten by: (1) ex-
traction and . (2) reproduction. They can be
processed by: (1) construction, and (2)
manufacture. Of these four, construction
and manufacturing (industry) change the
shape, form, or size of materials the most.

An art is usually defined as an ability or
skill to do certain things. When you put “in-
dustry”’ together with “arts,” industrial arts
can be defined as the study of the use of
tools and techniques to construct and manu-
facture goods and to service these goods.

Terms to Know

tool industry
technology industrial arts
specizlization _ materials

extraction technique
reproduction process
construction material goods
manufacture economic system
Think About It!

1. How did specialized tools and technology
lead to the development of an economic
system? ,

2. Give three examples of materials which
are: '

a. extracted

b. reproduced

c¢. constructed
d. manufactured

3. Explain the difference between a con-
structed product and a manufactured
product. Give three examples of each.
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Construction
Technology

Today you depend on the work of other
people to help you live and to enjoy life. In-
dustry plays a major role in giving all of us
the material goods which mean so much to
our lives.

As you live each day and take part in so-

~ ciety, you and your family ask yourselves

many questions about industrial technology.
What kind of car shall I buy? How can I
repair a wall in my house? How do I fix a
transistor radio? What kinds of materials
should I buy to make a doghouse? What
products would I buy for my dream house?
These questions or ones like them are asked

by all people who live in an industrialized .

society. An industrialized society is one in
which people have the ability to make and
use constructed .nd manufactured products
to help them in their daily lives. In the fu-

. ture, if you want to make intelligent deci-

sions about what kinds of things are best
for your needs and how to go about doing
things for yourself, you will want to know
something about industrial technology.

Remember that there are two broad parts
or divisions of industrial technology. The
first is building something at a site. This is
construction technology. This is what you
will study this year. In order to study con-
struction technology you should know the
parts of this field and see how each part re-
lates to the others. Only then can you under-
stand the whole field of learning which is
construction technology. Next year you may
study the second part of industrial technol-
ogy which is the knowledge of manufactur-
ing techniques.
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Reginning of Construction Technology

Construction technology has always been
a very important part of man’'s life. Even
the earliest thinking man began to make
things with simple stone tools. What do you
suppose were the first things man con-
structed? We believe they were probably
shelters or kinds of homes for himself and
his family. '

The first construction might have been
only a crude lean-to shelter to protect man
from wind and rain. Maybe the first con-
struction was the act of digging or improv-
ing a cave to make a very crude home and
to protect man against the weather. For
about a million years, this is perhaps all that
man ever tried to construct. As his knowl-
edge of things around him increased, he
began to design and build structures to make
his life more comfortable.

Later man built bridges to make his travel
easier. He built aqueducts to carry water to

Fig. 2-1.. Construction technology makes it possible
for man to work awe-inspiring changes in
his surroundings.
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8 The World of Construction

Fig. 2-2. Many men and materials and specialized
knowledge are required to build
construction projects such as this dom,

Fig. 2-3. Modern machines and the skills of the
operators make it possible to do in one
hour what hundreds of men used to work
for days to accomplish. This man is moving
tons of earth with this machine.

o .
2@.;(

. his developing cities. He constructed huge
pyramids which he thought would contain
the remains of Egyptian rulers forever. He
constructed the famous colosseum in Rome
for entertainment. He built large churches
for worship. Through the ages man has de-
signed and constructed the many wonders of
the world that we have today, Fig. 2-1.

Construction Technology Today

Construction technology is a very impor-
tant part of today’s economy. To understand
construction in today’'s society, we should
take a look at how much construction has
taken place in recent years.

The way we, in the United States, measure
goods and services produced is by the GNP
(Gross National Product). We can say that,
if you bought everything that was produced
in one year, it would cost you the amount of
the GNP. Construction accounts for about
16% of this amount. This means that it
would have cost you over ninety billion dol-

lars to buy everything that was constructed
in 1970.

Sixteen cents out of every dollar spent
each year is spent to buy such things as
homes, roads, bridgz3, and dams, Fig. 2-2.
You can see that construction technology is
a very important part of our society. Do you
think construction will continue at such a
rapid pace in the future? Is man’s need for
constructed things increasing?

In the past one hundred years there:has
been a great increase in home construction.
To meet our needs and wants, great facto-
ries have been constructed at a rapid rate.
Office buildings increase in number and size
to house the services we want. Miles of
roads and bridges are constructed yearly to
make it easier for us to travel and to trans-
port products more rapidly, Fig. 2-3. The
trend would seem to indicate a continued
growth in the field of construction to meet
the ever new needs and wants of our ever
growing population.
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Construction Technology in the Future

What kinds of construction might you see
in the future besides the kinds of construc-
tion that you see today? New construction
techniques are being tested to improve or
replace even the best practices today.

In the not too distant future, engineers say
we will be constructing not only on the earth
but in other places. Serious thought is being
given to building a huge space station hun-
dreds of miles above the surface of the
earth, When we get to other planets, we may

Construction Technology 9

build structures on them. The structures
used for housing, such as on the moon, will
have to be built so they will contain their
own atmosphere and temperature control
systems.

As we travel to other planets, we will have
to think of new designs in construction to
meet the needs of man as he conquers his
universe. Already the space age has caused
us to build one of the largest buildings
known to man. This building houses the
Saturn V rocket which launched astronauts
to the moon, Fig. 2-4.

Fig. 2-4. One of the largest buildings ever constructed by man, the Vehical Assembly Building at John F. Kennedy
Space Center, represents the products of modern technology. Note the size of the automobiles in
front of the building. Also note that the front doors are three times the height of the Statue of Liberty.
The symbols of the statues shown in the door opening are drawn to the same scale as the building.
This building encloses nearly twice the space enclosed by the huge Pentagon in Washington, D. C.
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10 The World of Construction

How Construction Technology
Is Achieved

We have already seen that anything built
on a site is a result of construction technol-
ogy (knowing how to use tools and tech-
niques to build something on a site). We
know that if man did not exist, there would
be no construction technology as we know it.

You might ask yourself, “How do we get
all the structures that we see around us?”’
First, someone has to want the structure at
a certain place. Would anything be built if
nobody wanted it or was willing to pay for
it ? Once someone wants and is willing to pay
for something, it must be designed and de-
veloped. Thus a plan for action is developed.
Then a sequence (the steps) to be followed
during construction is prepared so that the
construction will be completed as planned.

Then the services of many different
skilled people must be contracted. A plan is
submitted or. given to contractors who can
handle most of the steps of building a strue-
ture. The contractors bid on the job and the
bid of the least amount of money usually is
selected. '

Once a contractor’s firm has been chosen
to construct the object, how does the firm
‘begin? First the location or where the object
is to be built must be chosen. Then the site
must be prepared. If a dam is to be con-
structed, water might have to be rechan-
neled so that the men can reach the bedrock
to begin construction. In building a house,
trees might have to be removed, the ground
leveled, and earth removed to make a place
for the foundation. You can see that, no

matter what you are building, the site must

be prepared in some way.
After the site is prepared, the structure

must be built. Because of the many different
things involved in building most structures,
many people with special skills are needed. -

Because. of the specialization of techniques
or skills, we can build greater structures for
less money.

After the structure is built, the site must
be finished by landscaping (the finishing

P

touches). The materials are cleaned up,
shrubbery and trees are put in place to add
beauty; and lighting, roads, sidewalks, and
other things are installed to make the site
ready to use. The constructed object is then
complete.

All constructed objects must be continu-
ally maintained due to wear by use or de-
terioration from weather or corrosion. This
is part of postprocessing (servicing).

Elements of Construction Technology

Management, personnel, and production
technology together make up construction
technology. Management technology has to
do with planning, organizing, and controlling
all the men and materials used in construc-
tion. Personnel technology is how to hire,
train, work, advance, and retire constructon

‘workers, Fig. 2-5. Production technology has

to do with the preproce_ssmg, processing,
and postprocessing (servicing) of materials.

" All of this technology will be studied in de-

tail in this course.

As you study and work on dally assign-
ments, make an effort to figure out how each
particular assignment is related to major
parts of construction technology. If you
make this effort, the details of your daily
activities will help you to understand both
the details of construction as well as the
workings of the entire construction industry.

Construction technology is a vast body of
knowledge. However, it can be simplified
into common elements. As an example, plan-

" ming is done by bricklayers, architects,

draftsmen, carpenters, contractors, and
many others in construction. However, they
all use common planning practices. In this -
course you will learn some detailed planning
techniques (practlces) However, you also
should try to use the study and experience
with detailed techniques to help you under-
stand the more general ones. That is to say,
you may plan a particular object, but the
techniques learned in doing .this should be
related to the common planning techniques
used in planning all types of construction.
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Fig. 2-5. These trained men were hired for their skill
in working with concrete.

Summary

Construction is a large part of our society
today. It has always been a part of man's
society. As our society grows and our needs
become greater, we need more and more
constructed objects. Although our needs for
objects may change and some new objects
might be developed in different forms, the
tools and techniques used to build all con-
structed objects are much the same,

Construction Technology 11

Construction technology may be subdi-
vided into elements which can be studied.
Both the elements and their relationships to
each other are important. As you study, you
should try to place each day’s study in rela-
tion to the studies completed and the studies
to come. If you have a good knowledge of
construction practices and constructed ob-
jects, you can better understand the world
in which you live.

Industrial Technology

1 1
Construction Manufacturing
Technology Technology
—Management

—Personnel
~Production

;
¥
- ')"
:'.,"

Terms to Know

industrial technology = Gross National
technique Product
specialization contracted
personnel deterioration
production corrosion
preprocessing elements
processing construction
postprocessing technology
economy

Think About It!

1. What are the three main functions of
management technology"

2. What are the five main functlons of per-
sonnel technology‘? '

3. What are the three main functlons of
production technology?
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Everyone’s life is changed when he uses
industrial products. With a bicycle, you can
go around a paper route quickly. Inside a
comfortable house, you can forget about a

Fig. 3-1. Everyday you are in contact with constructed
and manufactured products. Can you identify
some of both kinds of products?

12
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Applying
Technology
to People

rainstorm. The ways industrial products
change the lives of people are studied as
part of school subjects like geography or
history, Fig. 8-1. In industrial arts we study
how industrial production affects industrial
workers as well as how to make and use in-
dustrial products.

You will learn about the workers (per-
sonnel) in construction and the technology
which is all around them. Later you will
learn about workers in manufacturing. In
this lesson both construction and manufac-
turing workers will be introduced, along
with a brief look at the other major groups
of workers in the labor force. These are the
people who work for wages. The labor force
does not include those who work at school
studies or those who are full-time house-
wives, as examples. Personnel technology
will also be defined.

About two out of every seven students in
your school will begin working in industry
when they finish their schooling. Perhaps
you will be one to begin your career in in-
dustry. Therefore, it is important that you
know about industrial employment and dif-
ferent types of jobs in order to decide
whether or not you want to work in indus-
try. Your knowledge about the different
kinds of workers and their work will help
you choose the type of job which you will be
able to do and which you can enjoy.

Industrial Workers in the Labor Force

Table 3-1 shows how many workers there
are in the major employment groups as re-
ported by the United States Department of
Labor. Manufacturing workers now make up




IR 2 F AL NG Cr i s S O o g g

the largest employment group. Construction
workers make up one of the smallest em-

ployment groups. However, information
about the growth of each employment group
is important when you look at employment
possibilities. Table 3-2 shows how fast each
of the employment groups is growing. Table
3-2 shows that construction is one of the
three fastest growing employment groups.
It also shows that the number of manufac-
turing workers will not be increasing as fast
as the numbers in the labor market as a
whole. Construction employment increased
57% between 1947 and 1964. Manufacturing
employment increased only 11% in the same
time. : v :

Services (see Table 3-2) is one of the ma-

Applying .Technology to People 13

by working on constructed products. In the
same way, “automobile repair” is a smaller
group in “services,” and all these employees
could be called manufacturing personnel.
All of them make their living by working
on manufactured products. Thus, both the
construction and manufacturing employment
groups are larger than labor force reports
show. We can estimate that more than one
million service workers are servicing con-

Table 3-2

While Total Employment Will Go Up by
One-Fourth by 1975 -

Growth Rates Will Vary Widely

jor employment groups in the report by the -
United States Department of Labor. Serv- Projected employment growth
ices to dwellings is one of the smaller groups  |.£ N I:’” More
that makes up this larger group. All these g’ Activit A o |than |Aver- | than
workers could be called construction work- iy changejaver: | age | aver:
ers as well, because they make their living age age
| Government - -+ »
. Table 3-1 ,
o o Services >
Workers in Major Employment Groups, 1964
» Percenfage of Workers ' . 1 :
10% 20% 30% Construction ; T
Manufacturing — ‘ ' |Wholesale
ik and
Whglesale and retail trade
retail trade |Finance v
Government |insurance - p——rt >
i, real estate ‘|- |
Service and S ]
miscellaneous ‘|Manufacturing —>
Agriculture i : '
_gn - |Transportation|
Transportation and public
public utilities utilities
Construction | R
e e . Mining .
Finance, Insurance, o
and real estate L‘- ‘ '
Mining Agriculture
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structed and manufactured goods, Fig. 3-2.
They work in the postprocessing of indus-
trial products and could be considered to be
industrial employees.

Personnel Technology

This year you will study and work with
much of the technology used in making con-
structed goods. Also you will study the tech-
nology which affects the workers who make
these goods. Personnel technology can be
called “ways of causing people to do things.”
It has a great bearing on the daily work of
millions of industrial workers.

The whole idea of personnel technology
is a new one. A look at the “coffee break”
will help explain- problems of personnel

_ technology. The coffee break has become an

American tradition. It is accepted, often
without question or explanation, as some-
thing that should be given to workers. To
be called personnel technology, the coffee
break would need to be studied from many
points of view. With a coffee break, produc-

Fig. 3-2. The work these construction men are
performing can be classified as repair.

tion may go up even though the time worked
may be less. On the other hand, some work-
ers may believe that others are getting a
longer coffee break. This may make their
production drop. In the same way, you may
believe that someone else has less home-
work than you do. Therefore, you may do
your homework poorly because you spend
some of your time worrying about how to
get less homework or, perhaps, how to get

Fig. 3-3. These construction workers work for wages
and benefits.

Fig. 3-4. In cold areas, working conditions are
improved by the use of temporary plastic
enclosures.
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the other person more homework. The prob-

lem is that it is hard to find the best way.

to affect people. In personnel technology, the
coffee break would be studied to see if it
does help people do their jobs better. With
more study, another way might be found to
help them do their jobs better.

The technology which helps us form ma-
terials is very exact. The technology that
helps us affect workers is not. Materials can
be carefully tested and measured until each
piece is very much like another. We are not
able to make all people alike, and most peo-
ple would even question if we should try.
Even with the problems which exist in per-
sonnel technology, there is much that has
been done. By studying what we do know
about it, we can better understand personnel
problems and practices in industry.

-Personnel technology is used to cause
workers to work safely and efficiently, to

make them feel fairly treated, and to help

them find jobs they like and do well. Per-

~ ways.

Applying Technology to People 15

sonnel technology can be grouped in many
A simple way to group personnel
technology is to consider all of the practices
which are directed toward efficient (1) hir-
ing, (2) training, (3) working, (4) advanc-
ing, and (5) retiring of personnel. Later in
this course, you will study in greater detail
each of these major types of personnel prac-
tices as they are used in construction.

Summary

As you go through this course, you will
meet and do the work of many construction
people. If you see how they are hired,
trained, worked, promoted, and retired, you
will learn how different personnel practices
are used for different kinds of workers. You
will better understand both what the prac-
tices are and why they are used. Also, you
will be better able to decide the kind of work
you will someday want to do.

Construction Personnel TeChﬁolpg-y
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16 The World of Construction

-. Terms to Know harder or better after a break? Why or
{ why not? A 2
{ labor force personnel technology 2. Since people are not all alike, a personnel
wholesale employment problem may need several solutions. Sug- e

retail work gest two or three ways to handle each of
estimate career these problems.
organizing a. A construction worker does not like
- to wear his safety helmet.
A b. A worker who is very friendly wastes
1 time talking. , .
\' Think About It! c. A man who works very hard thinks
‘ he is not paid enough because other :
1. Compare a coffee break on a job with a workers get the same wages and do
recess at school. Do people always work less work.
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Managing
Construction

. Management ié not hard to undérstand if

you take a careful look at the actions or
activities of managing. This lesson is a
brief introduction to managing construc-
tion.

You have learned that man has improved

his standard of living through technology
and specialization of human activity. In
industry, man has developed two systems
for improving his world. They are (1)
construction and (2) manufacture. Since
construction is the subject of your study
this year, we will look at the efficient ac-
tions or technology of construction man-
agement.

Manageinent Activity Is Universal

You have seen your parents manage
family and home affairs.” At school ycu
have seen your principal and others man-
age buildings, playgrounds, classes, teach-
ers, and students. Your city or town is
managed or run by elected or appointed
officials. Likewise, state and federal govern-
ments are managed. Religious activities are
managed. In fact, all human activity is
managed to some degree.

A common definition of management is -

“getting work done through other people.”

In a special sense, then, a person cannot.
manage himself. He must have some' au-

thority over other people to be called a
manager. However, if we look at manage-
ment closely, we find that each person

manages most of his daily activity, whether

he thinks about it or not. Think back to this
morning when you got out of bed. You
planned ahead to see which socks would

match the rest of your clothing. You or-
ganized yourself and picked them out of the
drawer. You controlled your selection by
making sure you got a pair of socks that
were the same color and pattern.

Management involves the actions of:

1. Planning,

2. Organizing, and

3. Controlling.
These actions, activities, or functions as
they are.sometimes called, are common to
all human work and play.

Management in Construction

Management in construction is much the

~ same as in business, in agriculture, in the
factory, or in the home. Management in.

construction involves the planning, organ-
izing, and controlling of construction proj-
ects, ‘Fig. 4-1. Well-managed projects
usually make a profit for an individual or a

- company. If management practices are not

done well, much money can be lost and 'a
contractor or a construction company may
go-out of business. _ :
Managing involves three major activities
or functions: '

Manéging

Planning
Organiz.ir'lg' |

Controlling

We will now take a close look at the activi- |

ties within each of these categories (group-
ings).
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18 The World of Construction

Fig. 4-1. Everything and everybody on a construction site is planned, organized, and controlled.
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Planning

The first major category of management
is planning. Planning is made up of formu-
lating, researching, designing, and engi-
neering. '

Planning

— Formulating

— Researching

— Designing

- Engineering

Formulating has to do with setting goals.
It means making the first decisions about
what is to be constructed and" why. Should
it be built? Can it be built? Is there a need
for the construction? Individuals or groups
of persons (private or public) take part in
formulating well before a project is started
at the site.

Researching is needed to find the correct
answers to important questions -or prob-
lems. Some researching (like testing the
hardness of soil) is carried on at the
construction site. Some research (such as
finding where a water pipe is buried) is
done in architect’s and engineer’s offices.

Research is also done at universities and

research institutes where, for example,
wood or iron beams may be tested under
great loads to find their breaking point.

Researching helps to answer questions of: - - '

1. What was (retrieving),
2. What is (describing), and _
3. What will be (experimenting).

In construction, architects, engineers,
and sometimes contractors work at design-
ing. Destgning involves deciding, for ex-

N
o

o«
J

Managing Construction 19

ample, what function a structure must per-
form or what job it must do. Several solu-
tions to the design problem will be created,
and sketches and models may be made. The
best design or the one most satisfying to
the designer and customer will be refined
and improved, Fig. 4-2. Designing is very
creative.

Once the best design is selected, details
of how to build the structure are consid-
ered. This is the engineering part of plan-
ning. Engineers, estimators, and draftsmen
work at engineering details:

1. Detailed drawings are made from the

sketches and models. ,
2. Specifications for building materials are

given.

3. Costs are estimated, and building proc-
esses are decided upon. .

4. The whole project is scheduled as to
what must be done first, second, and so
on until the project is completed.

Construction bids grow out of engineering
activity. '

Fig. 4-2. Complicated models sometimes are made to
help in the making of management decisions.
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Organizing

The second major category of manage-
ment is organizing. This involves the ac-
tivities of structuring and supplying the
organization.

Organizing

Structuring (forming)

Supplying (men and materials)

The construction contractor, for example,
must plan, structure, or form his organiza-

Fig. 4-3. Some managers work on the site.

tion. This means he must have men and
materials to do each job. He forms or
structures:his company by deciding:

1. What work is to be done,

2. What workers will do it, and

3. When and where they will do it.

Following through with the example of
the contractor, he must next supply his
structured organization with workers,
tools, and materials. He may obtain workers
from a union hall or simply “off the bank”
(anyone that is around and available). He
owns or rents special tools. He buys ma-
terials from the concrete plant or the lum-
ber yard. He may subcontract the plumbing
or electrical work. He directs men, ma-
terials, and subcontractors to get the job
done as planned by the engineers.

Controlling

The third major category of management
is controlling. Controlling includes the ac-
tivities of directing, monitoring, reporting,
and correcting.

Controlling

—Directing
—Monitoring

—Reporting

—Correcting

Workers must be supervised. Men and ma-
terials must be coordinated. This is called
directing, and it helps get the work done.
All managers are supervisors to some de-
gree, but on the construction job the fore-
man is the key man, Fig. 4-3. He directs the
men in their work with proper tools, equip-
ment, and materials.




Monitoring means that the foreman over-
sees the work and makes sure it is going
smoothly. He is a monitor. The architect
and the engineer are monitors because they
keep a constant check on the work in the
field. The building inspector checks to make
sure all building codes (laws) are being
followed. He is a monitor. Men who take
inventory of supplies and materials are
doing monitoring. The timekeeper ‘is a
monitor. However, monitoring is often done
by machines and not by men. A time clock
with punch-in and out cards is an example
of monitoring by machines. Monitoring

means making sure the work is being done

according to plan.

Reporting is the feedback of information
about the work which is given to persons
in responsible positions. Some reports show
that all is going well. Other reports show
that something is wrong and that changes
are needed. Inspectors may find that elec-
trical wiring does not meet the building
codes of the area. The foreman may see
that the materials are of poor grade and
report this fact to the contractor.

Correcting completes the cycle of con-
trolling. Changes are made by responsible
persons if the work is not going according
to plan. Correcting may mean only that the
foreman tells the carpenter to use a 12
~penny nail rather than the smaller 8 penny

nail. Correcting sometimes involves replan-
ning on the part of the architect or
engineers.

Many Persons Perform
Management Activity

The examples given in this lesson have
shown that there are many persons in con-
struction management. Managing is done
by many different persons with special
duties at different levels of authority, Fig.
4-4, We have seen that the owner or client

is involved in management activity. The

contractor is a businessman, builder, and a
manager. The architect and the engineer do

Managing Construction

Fig. 4-4. Some managers work in offices.

most of the planning and controlling of
construction jobs. Building inspectors per-
form management activity. The supervisor
and foreman take part in management. In
fact, each production worker is perform-
ing the management activity of controlling.
An example is the carpenter who measures,
lays out, and checks his work against a
plan. However, he may not, technically,
be a manager because he is not “getting
work done through other people.”

Summary

Many persons in construction perform
management activities. Three major man-
agement functions in construction, as in all
human activity, are (1) planning, (2)
organizing, and (8) controlling. They do
not have to take place in any special order.
They often take place at the same time.
Planning, organizing, and controlling each
have several subactivities.

Your. next lesson begins the management
story. Someone must first get things going
by formulating. Formulating is one part of
the larger activity of planning. Planning is
one part of the larger activity of managing.
As you read this textbook, try to think how
each activity relates to the others.
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Terms to Know

management
managing
specifications
category
planning

a. formulating

b. researching

c. designing

d. engineering
subcontract
draftsman

Construction Management Technology

a. directing
b. monitoring
¢. reporting
d. correcting
monitor
building code
involve
organizing
a. structuring
b. supplying

- e’

Formulating ucturing Directing
Researching | | Supplying | | Monitoring
.Designing | ‘ Report-ing.
Engineering Correcting
Think About It!
confrollihg 1. For a class party at scﬁool, what

planning, organizing, and controlling
tasks would each of these committees
have? .

a. Food committee

b. Decorating committee

c. Entertainment committee

. Name some ‘of your activities that fit

into each research category.

a. Retrieving (What was?)

b. Describing (Whatis?)

c. Experimenting (What will be?)
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‘Information is collected and studied. A de- a private project, Figs. 5-2 and 65-3.

Beginning . ‘:. ‘ l READING 5
the Project g}

Everything that has ever been con- [Initiating Public and Private Projects

structed in the world was begun because

someone needed it or wanted it to be built. Projects may be of two kinds. Iirst, there
The man who has the idea and who gets a are those which are publicly owned such as
project started is said to begin (initiate) schools or state highways. Second, there are
the construction, Fig. 5-1. He is called the privately owned projects such as the house
initiator. After the initiator takes the first in which you live or television stations. The
step, he or someone else needs to decide procedure for starting or initiating a public
whether the project can and should be built. project is somewhat different from that for

cision based on the information then is made Public projects may be small or large. An
to go ahead with the project, to delay it, or example of a small public project would be
to forget it. building a sidewalk in front of a school. This

would cost only a few hundred dollars. An
example of a large public project is the de-
velopment of the vast Mississippi River
system for flood control and water transpor-

Fig. 5-1. This man, the initiator, has a vision of a Fig. 5-2. As an example of a public project, we see
finished project on a particular site. a state highway being constructed.
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tation. This project has cost billions of dol-
lars since it began in 1824, Fig. 5-4. Regard-
less of project size, the steps for starting
most projects are much the same. This is
true even though they may take many years
to complete and be very difficult—especially
if they are major public works.

First, an initiator has to see the need for
something to be built. An initiator may be
anyone—either a private citizen or a public
official. Not only must an initiator see the
need for a project, but he must also do

Fig. 5-3. Utility lines are being instolled as port of a
private project.

Fig. 5-4. This is an aerial view of a portion of the
Mississippi River flood control and
transportation system.

something about it to get things going. This
second step of “doing something’” usually
means pointing out this need to others and
getting them to support the project, Fig. 5-5.

For public projects, the initiator and those
who agree with him that there is a need for
the project then make the need known to
public officiais such as city councilmen,
county commissioners, or members of legis-
latures. Sometimes the initiator passes
around petitions (requests for the project)
and gets other interested citizens to sign
them to show their support. Often a public
official will call a meeting, called a public
hearing, where the project is discussed and
at which the desires of those who are in-
terested are made known. Usually, at the
public hearing, the initiator will try to point
out good reasons for building the project.
The initiator must work very hard to get a
project going until final approval is given
and until the money is made available for
the project.

Usually, the agency of the government
which is in charge of a particular project
takes over and gets the job done once the
project is approved and there is money to
build it. The initiator may not take any fur-
ther active part in buying the property,
preparing the plans, and the actual construc-
tion. Whoever awards the contract for the
actual construction usually is called the
owner of the project. In public works, the

Fig. 5-5. An iniliotor is discussing o project with his
staff.
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owner generally is a governmental agency
such as a state highway department or a
city park commission.

In private as in public projects, the initia-
tor is the man who has the idea and who
does something about it. However, in private
projects, the initiator and the owner usually
are the same person. The initiator of a pri-
vate project usually wants something for
himself. In the public project, the want is a
bit less personal—it is for the community or
the region as well as for the initiator.

The initiator of a private project wants
something built that he or his company can
use for themselves or that he or his com-
pany can use for the purpose of making
money. For example, a man might want to
build a house in which to live. Or he might
want to build a house which he can sell at
a higher price than it cost him to build so
he can make money on it. Perhaps the ini-
tiator wants to build a garage in which he
can make money by repairing automobiles.
Or he may have an idea that his company
should build a new plant to produce some-
thing which is needed in a certain area.

Fig. 5-6. An Initiator is making o proposel to on
executive of o private company.

Beginning the Project 25

For the private project, the initiator who
is building for himself must either have
money in hand or convince people who lend
money that they should put their money in
or invest in his project. If he works for a
manufacturing company, he must convince
the executives or the owners of the company
that the project should be constructed, Fig.
5-6. Unlike the initiator of a public project,
the initiator of a privately owned project
does not have to gain public support for his
project. However, his project must follow
public laws and regulations.

Questions to be Answered

If the initiator has proved the need for
either a public or a private project, there
are many questions to be answered. First,
can the project really be built? The need
for the Panama Canal was known for almost
400 years before the worker welfare, engi-
neering, and earth-moving problems could
be solved ! We cannot build a highway bridge
across the Atlantic Ocean. Even if we could
build it, it would cost so much that it would
bankrupt every country on earth. The point
is that workers, technical skill, money, and
time are all needed in building a project. If
we don’t have them, the project cannot be
built.

Second, if the project can be built, will it

work? If a hydroelectric power plant is to
be built, there must be enough water to keep
the generators turning. If there is not enough
water, it will not be a workable facility.
Third, i the project the best kind of
project to meet the need? As an example,
suppose that a bridge is to be built across
a river used by boats. Someone has to de-
cide if the need is best met by building a
bridge high enough so that the boats may
pass under it or if the need might be met
better if the bridge would swing or lift out
of the path of the boats. A tunnel might be
even more efficient. All the possible ways
of doing things should be looked at to find
the best answer before a project is started.

39




Fig. 5-7. Would you consider it feasible to build
these buildings in your community?

Fig. 5-8. An engineer studies blueprints of other
similar projects to determine the feasibility
of the owner's project.

ERIC 40

Fourth, will the project add to the well-
being of a community or make money for a
company? The wrong project may result in
the waste of millions or even billions of dol-
lars. Even a large corporation can be forced
out of business by a project which never
should have been built or which was built in
the wrong place or in the wrong way. On the
other hand, a good project means economy
in government or profit and success in
business.

Someone has to find the answer to these
questions. There may be several thousand
different ways a project can be built. Even
to build a house on a lot 100’ by 100’, there
are thousands of different houses which
might be constructed. Who is the person who
answers the questions?

1. He may be a rcgular employee of a
government agency or a company.

2. He may be someone hired by the gov-
ernment agency or company.
3. He may be the owner or contractor.

To get the answers, this person must
study the project. Such a study will tell
whether or not it is a good idea to build the
project, Fig. 5-7. If it is a good idea, the
project is said to be feasible (practical). The
study itself, which determines whether or
not the project is feasible, is called a feasi-
bility study, Fig. b-8.

The Feasibility

If the owner or contractor needs special
help in making a feasibility study, he hires
specialists who are called consultants (ad-
visors). Large construction firms may have
a regular staff of consultants. Smaller firms
hire independent consultants v/ho work for
many firms, Fig. 5-9. The four types of con-
sultants are:

1. Financial,

2. Management,

8. Technical, and
4. Public relations.
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Whether a feasibility study is made by
the owner, the contractor, regular employ-
ees, or an outside consultant, there are cer-
tain things that are done in a feasibility
study. First an outline of all reasonable al-
ternatives (different ways of building the
project) is made. For example, if a road
leads to a river, should a ferry boat or a
bridge carry the traffic across the river? If
a bridge is best, what kind of a bridge should
it be and where should it.be put?

Fig. 5-9. Consultants spend much time discussing the
feasibility of a project.

Fig. 5-10. This bridge could not be built until
industrial technology made its construction
feasible.

Beginning the Project 27

Second, many facts are found by research
and by visiting the site. Maps are collected
and surveys are made. Holes are drilled into
the ground to see what kind of soil is under
the surface. The location of roads and utili-
ties is checked, and the kinds of transporta-
tion which may be used are checked. Every-
thing that has to do with the project is
found out and collected.

Third, the facts that are gathered are
studied. Cost, time, and the usefulness or
value of the project all are considered.

Fourth, exact recommendations are made
such as:

1. The project should not be built at all,

2. The airport should be built at this ex-

act place, or

3. A new plant to make furniture should

be constructed close to Newville.

The Decision

After the feasibility study has been made
and given to the owner, a decision is made

Fig. 5-11. This completed bridge is the end product
of an initiator's dream.,
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about whether or not to go ahead with the
project. A further decision usually is made
about the general nature of the project. For
example, a decision mey be made to build
a road on the south side of the river rather
than on the north side. These decisions usu-
ally are made at the highest level in the
organization. In the case of a public project,
the decision is made by the governing body.
In the case of a corporation thinking of
building a new plant, the board of directors
makes the decisions.

Summary

This assignment has covered how projects
are begun and has shown some of the ques-
tions to be answered before deciding whether
a project can or should be built. The major
questions to be answered and the use of fea-

sibility studies made by the owner, contrac- .

tor, by their regular-employees, or by outside
consultants also was discussed. This assign-
ment should help you understand how the
final decision to build or not to build is made.
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Terms to Know

public hearing
petition

feasible
feasibility study
initiator

survey

Think About It!

1. Suppose that a friend of yours wants to
have the community build a recreation

utilities
consultant
corporation
recommendation
bhankrupt
hydroelectric

Beginning the Project 29

center for teen-age boys and girls. He is

thinking of bowling alleys, billiard tables,

and a gymnasium. .

a. What would be important reasons for
spending public funds to build this
project?

b. If it is planned as a private project,
who might provide the money, and
why?

To help decide if a recreation center is

feasible, what else would your friend need

to find out?




The initiator (or project starter) takes
the needed steps to begin a project. Next, a
feasibility study is made to find out
whether or not the project can or should be
built. Then a site (location for the con-
struction) is selected and obtained.

Importance of the Site

A good site is a key to the success of a
project. The selection of the best site avail-
able for the purpose usually means (1) the
lowest overall cost and (2) the highest
amount of usefulness. For these reasons,
selecting a site is done with great care
after a long and detailed study, Fig. 6-1.
For example, the route for the second
Panama Canal has been under study for
over 40 years.

One other reason for careful study is that
once a location is selected, the site cannot
be moved. Many sites for state capitals

Fig. 6-1. This picture shows a logical site for a dam.
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Selecting a Site

were chosen from 100 to 2560 years ago.
They are now in the wrong place for to-
day’s distribution of population, Fig. 6-2.
Our national capital, once in the center of
population, is now more than 1,000 miles
from many population centers such as
Dallas, San Francisco and Chicago. Yet so
much money has been spent on these sites

‘that it would be too expensive to move them

to a better location.

Who Selects the Site

Sites are always approved by top man-
agement in corporations or in government
agencies, Fig. 6-3. If the owner is one per-
son, the owner has the final say about the
site for a project. The recommendation (a
suggested decision) for a certain site gen-
erally is made as part of the feastbility
study which is made by the owner, the
owner’s staff, or a hired consultant. During

Fig. 6-3. Top monagement opproves a site for a
proposed project.
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Population Density 1800

_ 90 and over inhabitants per square mile 6-17 per square mile ‘
- 45-89 per square mile D 6 and under per square mile

m 18-44 per square mile

Population Density 1960
- 90 and over inhabitants per square mile

R - per square sulla
18-44 per square mile
Fig. 6-2. Population density from year 1800 to 1960.
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this study many sites may be considered.
Generally, information about each site is
collected. Then the most promising sites
are visited. After this, the choice is cut
down to a few sites which are examined in
detail. From these few, one is recommended
to top management or to the owner who
then makes the final choice.

Criteria for Selecting a Site

Criteria are 7rules or tests by which
something is judged. The exact criteria for
choosing a site depend on the kind of
project to be built. A site for a canal would
have different criteria for selection than
would a site for a railroad. Many criteria
are used in site selection.

Perhaps the most important of all cri-
teria for choosing a site is the usefulness
of the location for the intended purpose of
the project, Fig. 6-4. The site which best
serves the purpose of the project is the one

Fig. 6-4. The best site avoiloble for a project is

selected.
”
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which should be selected, even though the
land or construction cost at other sites may
be cheaper. Even though land and con-
struction might cost less on the edge of a
community, a bank should locate near the
business center of a city where it is needed.

Whether or mot the site is available is
important. There are usually many good
sites, but they may already be in use by
someone else or may be owned by someone
who does not want to sell.

As criteria for a site, a market for the
products or a public need must be present.
For example, a factory making snow
shovels probably would be located in the
North and not in Florida.

There must be a supply of labor for con-
struction, for operating, and for maintain-
ing the structures to be built. Not only must
there be labor, but the workers must have
the skills needed, Fig. 6-5. Places where
labor contracts have a history of being
broken by “wildcat” strikes (sudden stop-
ping of work) often are not chosen as sites.

Fig. 4-5. There must be on abundance of labor to
construct the project.
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A good community environment is im-
portant in selecting a site, Fig. 6-6. Most
companies like to go where they are wel-
comed. Good schools for children of the
company’s employees are wanted. If the
company employs large numbers of scien-
tific personnel, it may wish to be near one
or more universities. Good facilities for
recreation also are important. Also, many
companies want things like donations of
sites, long-term low-interest loans, provi-
sion of utilities, and favorable tax treat-
ment.

There must be transportation to and
from 2 site. If a company makes large,
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bulky materials, it will want railroads,
good highways, and, sometimes, waterways,
Fig. 6-7. If a company ships most of its
products by air or if its personnel travel
a great deal, it will try to locate near a
city with airline service.

Utilities are important for all kinds of
projects. A good supply of clean, pure,
fresh water is needed. Most industry needs
large amounts of water for processing,
heating, cleaning, drinking, and cooling.
For this reason, as well as for water trans-
portation, heavy industry and electric
power plants often look for sites on major
waterways. Sewage treatment and water
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Fig. 6-7. A good industrial site has to have goad
transportatian facilities. Here we see an
example of o woterway, a railway, and o
highway.

Fig. 6-8. Utilities such as water and electricity are

essential in mast site selections.

.
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disposal utilities are needed, Fig. 6-8.
Nearly all projects need some electric
power. Some manufacturing processes need
large amounts of low-cost electricity. There-
fore, many plants locate near sources of
hydroelectric power. Communications like
telephone, telegraph, and teletype services
must meet the needs of the project. Some
industries need large amounts of natural
gas or petroleum and, therefore, locate
near pipelines.

Raw material availability is often a
major factor in selecting a site. Cement
plants are usually near limestone quarries.
Plywood plants are near forests.

A suitable climate also is desired. Certain
manufacturing processes need either a dry
or a wet climate. Other processes require
high or low temperatures. Some others
must stay away from areas where tempera-
tures are extremely high or low.

The physical characteristics of the site
itself are quite important. These include
drainage, the amount of site preparation
needed, subsurface conditions, and the size
of the site. Subsurface conditions tell if the

Fig. 6-9. Good physical conditions make the project
easier and cheaper to complete.
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ground or the underlying rock will hold up
the structures needed for the project with-
out very expensive foundations. There must
be enough land for all the features of the
project, Fig. 6-9. Whether or not roads,
bridges, power lines, and underground
utilities have to be moved and how much
these will cost also are important.

Land restrictions sometimes prevent the
use of a goed site. Zoning laws, one type of
land restriclion, have been passed in many
places. These laws tell what kind of build-
ing can be placed in each location or on
each block. The purpose of these laws is to
prevent a “mixed-up” community in which
factories are built among residential houses.
Usually, zoning laws divide a city into
residential, business, and industrial areas.
Any site selected must be in an area with
the right zoning, Fig. 6-10.

Local taxes play an important part in
selecting a site. Sometimes property taxes,
sales taxes, or income taxes are so great
that it is not wise to build a project in an
area.

All of the above criteria for sriccting a
gite are looked at in terms of (1) cost of
construction, (2) cost of operation and
maintenance of the completed project, or
(3) cost per unit of production. The site
which best can meet the needs of the project
at the least cost is generally the one
selected.

Acquiring a Site

Once the site is selected, steps must be
taken to buy it or to acquire it. Sometimes
this is easy and takes only a few days. Gen-
erally, it takes much longer. In the case of
one office building in New York City, it
took almost 650 years. Some of the owners of
the property on which the building was to
be erected insisted on very high prices for
their land. Also, some of the properties
were owned by two or more people who did
not agree upon how the property was to be
sold.
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TOWN OF

WILLVILLE

ZONING

BUILDING

1 & TRAILER ORDINANCES

IN EFFECT

PERMITS REQUIRED

Fig. 6-10. Some communities have lond restrictions
ond zoning laws.

The two general ways of acquiring real
estate are (1) negotiation and (2) condem-
nation. Negotiation begins when the buyer
and the seller talk to each other. They may
reach an agreement as to price, the date on
which the property will change hands, and
what portion of the existing property, if
any, the seller may remove. For example, a
buyer and a seller might negotiate the sale
of a house on the following terms: the price
to be $20,000, the seller to vacate or be out
of the house on April 1, and the seller to
leave the draperies but take the electric
dishwasher. Sometimes the buyer and the
seller talk directly to each other. Often they
may have other people, usually realtors
(real estate agents), negotiate for them.

Negutiating an agrecment between a
buyer and seller is by far the better way
to acquire real estate. Both parties usually
are satisfied with the arrangements made.
For this reason, negotiation is used more
often than condemnation.

Condemnation may have to be used when
public projects need one or more pieces of
land. There has to be a way by which a
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single owner of one piece of property can-
not stop the project from being built by a
stubborn refusal to sell or by asking too
high a price. In such cases, governmental
units like federal, state, county, and city,
governments have what iz called the “power
of eminent domain.” This is the right to
take or condemn rcal property for public
purposes even against the objcction of the
owner. This taking process is called “con-
demnation.” However, even though a prop-
erty is taken away from its owner against
his will, the United States Constitution and
all state constitutions require that the
owner must be paid a fair price for his
property. Many utility-type corporations
such as railroads, pipelines, and telephone
companies also have a limited power of
eminent domain when property is needed
for their purposes.

Condemnation of property is very un-
popular, and those who have this power
generally try to negotiate with the owner.
If negotiations result in a disagreement
over price, the matter is taken into court
where the amount is fixed in what are called
“condemnation proceedings.”” These pro-
ceedings also are used when the owners
cannot be found or when there are problems
with the title to the property, Fig. 6-11.

.
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Fig. 6-11. A condemnafion proceeding is held in o
court of law to secure o needed site.

Summary

This assignment has covered how the site
is selected and acquired. Typical criteria for
site selection are: (1) will it be useful, (2) is
it available, (3) are contractors and labor
available nearby, and (4) are transportation
and utilities handy?

Sites are usually acquired through negoti-
ation. When this does not work and public
needs demand that the site be used, the
property may be taken by condemnation.

The next assignment tells about how the
outside limits of the property are determined
and about some of the legal steps taken when
property for a project is bought.

Terms to Know

site acquiring
criteria negotiation

raw materials condemnation
pipelines environment
restrictions power of eminent
residential domain

zoning laws

Fig. 6-12. A complete community has been planned
by o group of city planners.
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Identifying Possible Sites
l ] ] | |
Best site for Imrketability Community Transportation Raw Physical
serving intended purpose environment materials|licharacteristic
Availability Labor Climate Utilities 1] |Zoning || | Taxes
supply
]
1
Negotiation Condemnation
1 1

Think About It!

1. Electric power is one of the general

needs for almost all construction proj-
ects. Name some other general needs
that people must keep in mind, in decid-
ing where to build the following projects.

a. A new airport
b. A shopping center
c. A factory

2. Suppose that you are negotiating to buy

a garage where auto bodies are repaired
and customized. Name several things
that you and the seller must agree on
before you buy this garage.

If you only want to buy the sile and
have no need for the garage building or
equipment, how will this affect the nego-
tiation? For example, is the land worth
more to you with the building or with-
out it?
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The last assignment told about selecting
a site for a project. This assignment tells
how the outside boundaries or edges of a
site are found. You will also study the steps
that are followed for changing owners of
land.

History of Land Holdings

To understand how land is divided in the
United States today, it is helpful to look at
the history of its land holdings. When the
United States was settled, the land was

Fig. 7-1. land in the United States was first acquired
from the Indians.
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bought or otherwise acquired from the In-
dians, Fig. 7-1. Most of it became the prop-
erty of the kings of the colonial powers
(England, France, Spain, Holland, and Swe-
den). These kings made grants (gave away
the land) to certain of their people—usually
those who had come to the New World.
These grants divided the land into large
pieces. Some of the land grants were as big
as states as we know them today.

During the Colonial Era (1492-1776), the
persons receiving the grants (grantees) and
their heirs (those who were given the land
after the death of the grantees), decided to
sell or give away most of their land holdings.
The persons who first got the land and.their
heirs have divided it into smaller pieces
many times over. Today there are millions of
landowners of the original pieces of land.
These are called parcels or tracts of land
and are owned either by some person, com-
pany, or by the government.

After the United States was formed and
while the United States was getting more
land, such as the Louisiana Purchase of
1803, the federal government took title to
all the 1and held by the foreign powers and
much of the land which was given to the
first people who settled here. Some of this
land then was sold or given away. Today,
the government still owns one-third of all the
land. Government land is of two types. The
government has developed some land such
as parks, the sites for post offices, and mili-
tary bases. The balance is undeveloped land
which has never been sold or developed land
which has been returned to the government
for nonpayment of taxes, Fig. 7-2. Most of
the undeveloped land is in the Rocky Moun-
tains of the West and in Alaska.
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Records

Because there are millions of parcels of
land, there is a need for a system of perma-
nent records telling just who owns each piece
of land. Records are used to show the
boundaries (outside lines) of each piece of
land. Such records of land ownership gen-
erally are kept in county courthouses by a
person called a county registrar (recorder
of deeds), Figs. 7-3 and 7-4. Included in
these records are both the present and past
owners, the dates of acquisition and trans-
fers of title, tax information, the location of
the land, sometimes with plats or maps, and
even all past titles, deeds, and mortgages.

A legal description tells, in words, what is
included in a piece of land. There are many
kinds of legal descriptions. However, most
of them are similar to one of the three ex-
amples which follow.

The first example of a legal description is:

Lot 74 of Libby Heights, a subdivision
as per plat recorded in Plat Book °E’,
page 92, of the public records of
Alachua County, Florida.

Fig. 7-2. An exomple of undeveloped government
lond is shown here.
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Fig. 7-3. This photograph shows a county courthouse
where records of land ownerships generally
ore kept.

Fig. 7-4. Here we see o counly registrar working in a
county courthouse.
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A subdivision is an area of land which is
divided up into smaller sized lots. The small
lots may be easier to sell or improve. In this
case, the Libby Heights Subdivision consists
of five blocks of land divided up by the land
developer into lots about 100’ by 100’. Each
lot is numbered so that it can be located
easily at the county seat. The map or plat
of the subdivision shows the exact bounda-
ries of each lot in the subdivision.

A second example of a legal description
follows:

Beginning at a concrete and steel monu-
ment located 40.1 feet south and 63.2
feet west of the intersection of the
center lines of Lexington Avenue and
Elm Street in the Town of Norwich,
County of Northfield, State of New Jer-
sey, thence:

South 4° 3’ east along the westerly line
of Elm Street for a distance of 237.3
feet to an iron pin; thence;

South 86° 54" west for a distance of
109.7 feet to the center of a 4’ concrete
post; thence. . . ;

All bearings being referred to a true
meridian; the tract containing a cal-
culated area of 7.59 acres, more or
less; and being shown on the plat
drawn by George Jones, Registered
Land Surveyor, which is attached here-
to and made a part hereof.

This type of description is called a descrip-
tion by “metes and bounds.” It is used to
describe the land in the 13 original colonies,
Kentucky, Tennessee, and parts of Texas
and Hawaii. Sometimes it is used in other
places for odd-shaped tracts.

The above description starts with a known
point—the concrete and steel monument—
and goes at a certain angle for a certain dis-
tance to an iron pin. Then it goes at another
angle to & concrete post, and so on, until it
gets back to the starting point—thus enclos-
ing the parcel of land.

Here is a third legal description:

Northwest quarter of Section 9, Town-
ship 2 North, Range 3 West of the

3%

Fifth Principal Meridian, County of
Clay, State of lllinois, containing
160 acres, more or less, according to
the United States Survey.

Parts of the country not based on metes and
bounds surveys, as in the legal description
just before this one, are divided by meridi-
ans and base lines. Meridians run north and
south. Base lines and parallels run east and
west. The area in between is further divided
into townships which are six miles on a side.
They are 36 square miles in size. The town-
ships are further divided into sections which
are one mile square and contain 640 acres.
Sections are divided into quarter sections of
160 acres. Quarter sections are often divided
again into quarters of 40 acres. After that,
division is into lots which are subdivided
according to a developer’s plat or map.

In the place of legal descriptions, some
states allow the use of only a map. This map
is called a plat. Plats are made from surveys
done by registered land surveyors, Fig. 7-b.
They show the boundaries of a tract of land.
Plats always are made when land is sub-
divided and may or may not be made when
land changes ownership. They are filed with
the county recorder of deeds, Fig. 7-6.

Fig. 7-5. A surveying team is shown surveying a piece
of property. '




Fig. 7-6. Plots ore recorded in plot books and are
easily accessible for moking o tille seatch.

Fig. 7-7. Shown is the inside of o lending institution
where mortgage money can be oblained.
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Plats show:

1. Boundaries;

2. Improvements, such as buildings, pave-

ments, and other structures; and

3. Natural features such as lakes.

Plats also show easements. An easement
gives someone the right to put something
on the owner’s land. For instance, the elec-
tric power company may be given the right
to put power lines over a certain part of a
piece of property. In addition, plats include
what are called encroachments, An encroach-
ment is a structure owned by someone who
does not own the property on which the
structure is built. The fence of a neighbor
which is two feet past his property line and
on another person’s property is an encroach-
ment on that property.

A title is a certificate of ownership of a
piece of property. A deed is a written legal
document by which the person who sells the
land transfers his ownership to the person
who buys the land. Deeds usually are made
up of several things. First, there is a iegal
description of the property. Next, a deed in-
cludes mortgages on the land. Mortgages
skow the money owed on the property, Fig.
7-7. A deed also may include restrictions. An
example of a restriction might be that every
house must be at least a certain size—1,000
square feet, for instance. Easements, as
mentioned above, also are included in a title.
Easements may show whether or not mineral
rights on the property have been sold. As
an example of a mineral right, a farmer may
own a seclion of land, but he or an owner
before him may have sold the right to drill
for and extract oil to someone else. This
other person holds the mineral rights. Min-
eral rights may be for all minerals or for
Jjust one mineral such as coal, oil, or gas.

Titles and Surveys

The buyer of the land on which the project
is to be built wants to be sure he has a good
title to the property. In nearly all cases, the
people who lend money to build a project

U
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will insist that the property have a good
title. A “good title” means that the land has
been legally transferred and the land has no
claims (mechanic's liens) against it. A lien
means that the previous owner owes some-
one money for work done on the land or build-
ing. The buyer or his construction consultant
can check the title by hiring a specialist to
examine it.

The hired specialist usually is a real es-
tate attorney—a lawyer who is qualified by
training and experienze to give an opinion
about the title. As the basis for his opinion,
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Fig. 7-8. Here we see an cttarney making a title
search at the counly registrar’s office.

Fig. 7-9. The buyer, seller, lawyer, real estate broker,
ond the representative for the lending
institution are shown ot a property closing.
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he makes what is known as a title search.
He searches the records at the courthouse
which relate to that particular property,
Fig. 7-8. Instead of going to the courthovse
himself, he often buys an abstract. This is
a document prepared by an abstract com-
pany. The document is based on the court-
house records of important information
about the piece of land being bought.

Title insurance also can be bought. A title
insurance company has or hires a lawyer to
read the abstract and give an opinion. If
the title is good, the owner gets an insurance
policy. Th's policy insures him against mis-
takes in the title and promises to defend
lawsuits which may come up if there are such
mistakes.

If a title is defective or has mistakes, the
owner gets an attorney to correct them.
This means that he *“cures” the title of its
problems. Sometimes this work means only
finding a missing heir to the land. At other
times, court action is brought to clear the
title of its defects.

Either the owner or the people who lend
him money for the project usually insist on
a survey as well as a title search. This sur-
vey must be done ly a registered land sur-
veyor. In some states, a registered profes-
sional engireer may do it. The surveyor first
gets all known surveying facts about the
site. Then, starting at a known point, he
measures angles and distances along the
boundaries. He checks the legal description
and makes a new one if it is needed. Then
he orepares the plat or map.

Changing Owners

After the title search and survey, the
seller, the buyer, a representative of the
mortgage company, and their lawyers meet
at what is called a “closing.” The buyer gives
money to the seller. The seller then hands
the buyer the deed. This is the formal trans-
fer of ownership of the property, Fig. 7-9.
The deed then is recorded at the courthouse,
Fig. 7-10.
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Fig. 7-10. Records ore kept up to dote ot o county
registror's office.
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Summary

Land holdings in the United States have
been divided many times over. Today there
are millions of parcels of land. All are owned
privately or by the government. Many rec-
ords of land ownership are kept. These are
legal descriptions, plats or maps, titles, and
deeds. Title searches and surveys are made
to get an exact description of pieces of land.
These are done mostly when land changes
ownership.

History Of Land Holdings In U.S.

Land acquired from Indians

Through force

Land purchased from Indians
Through bartering
|

| { ) §  § 1 1 ) | . |
Dates | | Names | | Location Legal Plats or maps| | Titles Deeds
of owner{ | of land | | description
| & 4 L
Month| [ Private | [inwhat | [Describes] [~ Shows ™ [ertificatd] ['Shows
or public| lareaisit] | property an of [ |transfer
Year location improvements | lownershipt | of land
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Terms to Know

boundaries
registrar

plat

subdivision

legal description
meridians

base lines
parallels
townships
sections

quarter sections
lots

-y BV
f

easements
encroachment
titles

deeds

parcel
abstract

title insurance
mortgage

title search
surveyor
closing

lien

Think About It!

1,

A plat (map) of a piece of land may show
all the kinds of information listed below.
You may use examples to explain each
term.

a. Boundaries

b. Improvements
c. Natural features
When a piece of land is sold, the seller
must give the buyer 2 deed (legal paper)
showing several kinds of information. If
you were buying a building lot, what in-
formation could you expect to be re-
corded on the deed?

d. Easements
e. Encroachments
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Surveying and
Mapping

The last assignment told about the
boundaries and legal description of a site.
This lesson tells how the natural and man-
made features of the site are surveyed or
measured and put on maps to be used for
designing the project, Fig. 8-1.

Types of Surveys

Surveys are classified as to their func-
tion. Land surveys are made to establish
boundaries and provide records and maps
which show the proper location and sub-
division of lands in any specified area.
Topographic surveys are conducted to
gather data showing both the natural and
man-made features of the terrain. Route

~ surveys are made to determine alignment

(route), grades, and the amount of earth-
work needed in connection with the con-
struction of highways, railroads, canals,
airports, and pipelines, for example. Hydro-
graphic surveys are made to record data
about the shore lines of bodies of water and
to determine the shape of the area under-
lying the water surface. Aerial surveys are
to record the features of a large area of land.
Topographic maps may be made from
aerial surveys. Construction surveys are
made to properly locate on a site all of the
facilities that are to be built.

Surveys are made by employees of the
project owner, construction consultants, or
by a surveying firm hired to make them. In
making a topographic survey, many steps
are taken.

- READING 8

Research

Many times a record of information about
a site is already available. Any informa-
tion about a site that can be found before-
hand will lower the amount of required
work and the cost of the survey. It also will
help check any work that is done. There-
fore, all the facts already known about a
site are collected first. This gathering to-
gether of facts is called research.

There are many places where facts can
be found. Most of the country has been
mapped by the United States Geological

Fig. 8-1. Before a project can begin, natural and
man-made features of the site must be
accurately located and mapped.
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Survey. Copies of these maps and some field
work facts can be requested from their files.
Other federal, state, and local governmen-
tal agencies have large amounts of survey-
ing data (information). For example, the
Department of Agriculture has air photo-
graphs of most of the cropland. County or
city surveyors often have information.
Sometimes surveyors who have made topo-
graphical surveys of the area before will
give out information about a site. People
who have owned the site before sometimes
have good topographic maps or other facts
about the site. Public utilities, railroads,
and city and county engineers may have
helpful information.

Almost all surveys are really resurveys.
This means surveying again what has been
surveyed before. A resurvey usually is
done for a different reason and in more
detail than surveys which were done before.
A resurvey must start from known points
of location and elevation which have been
found by research.

Finding Known Points

Finding the location of known points is
called horizontal control. It is based upon a
process known as triangulation. The term
“triangulation” refers to accurate surveys
which have been made of the whole country
to find the corners of a large number of
triangles. Each side of the triangle may be
several miles long. From the triangle cor-
ners, other surveys have been made to find
the location of millions of additional points.

Elevations of known points are called
vertical control. These elevations are dis-
tances above a certain fixed level on the
earth’s surface. Usually the mean (aver-
age) sea level at a certain point is used as
a fixed level. For example, the elevation of
Lake Superior may be 602’. This means
that at some point the level of the lake is
602’ above the average level of the ocean.

In this case, the ocean level at New York .

was used. A point in Death Valley, Califor-

nia, may be minus 125°. This is 125’ below

the average height of the surface of the

ocean.

Things other than average sea level
sometimes are used as a fixed level. Very
careful surveys, generally along railroads,
have been made throughout the country. As
a result, the elevations of these lines from
the level of the ocean are well known.

Monumehting

When important surveys are made to find
out either the location (where a point is)
or the elevation (how high above the ocean
level it is), permanent markers are placed
on the point so that future surveys can be
started from that point. These markers,
called monuments or sometimes bench
marks, are firmly set in place. Early sur-
veyors used large stones set in the ground
as markers. Today concrete posts are used.
The location and elevation of the marker
often are placed on a brass plate on the
marker, Fig. 8-2. The readings are taken
from the very center (the center is the
highest point on the top surface of the
bench mark). The foundation for a bench
mark is shown in B of Fig. 8-2. The founda-
tion supports the bench mark so that it will
not move out of position. All bench marks
are placed very accurately so readings can
be taken for new constructions. The mark-
er’s location and elevation are always put
in the surveyor’s notes. These notes then

are carefully recorded and saved. -Anyone °

wishing to make a resurvey finds a marker
as a place to start or end his survey. Find-
ing these markers, some of which were
placed over 100 years ago, is sometimes a
major problem for the surveyor.

On the project site, the surveyor works
from a known point which is related to a
marker. He then drives wooden stakes or
metal pins to mark locations and elevations
which help the construction workers in
earthworking and locating the structure.
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Survey Parties

The size of the survey group and the
skills of the people in it depend on the size
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findings in the field notebooks. Sometimes

: another person, called a 7recorder, does

this, The instrument man sets up and op-
erates the surveying instrument over a

and the difficulty of the job to be done. Most
survey parties have from two to eight
people in thein. The chief of the surveying
party plans and supervises the work. On
small parties, he also may record survey

known point. The »odman holds the rod
used in surveying over another point.
Sometimes an awxeman is needed to clear ;
brush and trees so that the rod may be seen '
from the instrument. If any measurements f
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A. This is the design of a bench mark. B. This is the foundation for a bench mark.

Fig. 8-2. The construction of a bench mark.
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are to be made with a steel tape (called a
chain), two or more chainmen may be in

the survey group.

Fig. 8-3. A team of surveyors may travel to remote
areas.

Location Surveys

The instruments used most often to find a
location are the transit and the plane table.
The transit measures horizontal and verti-
cal angles, Fig. 8-4. It also may be used for
leveling, but a level usually is used instead,
Fig. 8-5.

When points are known, the transit is
set up and leveled over one point. One rod
is placed on the known point. Another rod
is placed at the unknown point. The transit
measures the angle between the line from
the transit to the known point and the line
from the transit to the unknown point.

The transit also can be used to measure
the distance from the transit to the points
by reading numbers on the rods. However,
on very careful surveys, this distance
usually is chained or measured with a steel
tape. By making repeated setups of the
transit and by measuring angles until
another or the same known point is reached,
4]l the land is measured. The transit may
be set up to measure angles and distances
to certain features of the site when their
location is wanted, Fig. 8-6.

The plane table is a simple form of trans-
it. It is used in much the same way as a

Fig. 8-4. A transit is used by surveyors to measure
horizontal and vertical angles.

Fig. 8-5. A level is used by surveyors to measure
elevations.

e
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transit. The theodolite is another survey
instrument. It is a more precise form of
transit used for very accurate measure-
ments. Other modern instruments are used
for measuring angles and distances. Some
of these new instruments make use of
electronics.

Elevation Surveys

The instrument used most often for find-
ing elevations is the level. The level is a
telescope which is set up and is, itself,
leveled. The level rod, which is marked in
feet, is set on a point of known elevation
or height. The level is set up, and the
measurement is found on the rod, Fig. 8-7.
Then the rod is put on a point where the
elevation is not known, and the measure-
ment is found. The difference between the
readings is the elevation of the unknown
point.

For example, suppose the elevation of a
known point is 100’. A reading on the rod
at the known point A is 8. The reading

Fig. 8-6. The transit is leveled accurately before
readings are taken on the construction site.
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at the unknown point B is 5’. The differ-
ence between these two readings is &
minus 8, or 2’. The unknown point, then,
is 2 lower than the known point. 100
minus 2’ equals 98, which is the eleva-
tion on the unknown point. If the level is
now moved to another position, the rod may
be placed on point B, which is now a known
elevation, and then on an unknown point C
to find the elevation of C. In this manner, a
line of levels may be run by repeating
measurements until another known point
(or the first known point) is reached. A
line of levels may also be run by setting up
the level in one position and moving only
the rod from point to point, referring back
to just one known elevation. This method
can be used only when the ground is quite
flat and there are few obstructions.

Other instruments used for elevation
surveys are the surveying altimeter snd
the elevation meter. Although both are very
expensive, work can be done more quickly
with them than with the level.

Plotting Data

As surveys are made, the measurements
are recorded in field notebooks. The note-

R

POINT "A"
(KNOWN ELEVATION 100.0))

POINT "8"

(ELEVATION=100'+3'=5"'=98")

Fig. 8-7. A level is used to find the elevation of an
unknown point from a known one.
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books then are taken to the office where
figuring is done. The next step is to plot
(find the location of) each important point
on a topographic map. To show the shape
of the land, which is found from the eleva-
tions, two methods are used:

1. Grid system

2. Contours

A simple grid system often is used for
small sites. The site plan is divided into
squares to form a grid. Elevations are
shown at the corners of squares. When
adjoining squares show elevations which
are about equal, the land is flat. When ad-
joining squares show differing elevations,
the person reading the grid knows the site
is uneven.

A contour is a line made by connecting
every point on a grid which is at the same
height. Contours have several features.
First, contours never cross except in the

e £ e T LT

100 FT.

100 FT.

20 J K rare case of an overhanging cliff. Contours
spaced closely together mean a steep slope.
When they are spaced far apart, they show
10 a gentle slope or fairly flat land. Closed
l L contour lines mean either a hill or a low

PROFILE ALONG LINE spot in the land. :
"200" In some cases, mostly for roads and air-

field runways, cross section surveys are
made. A cross section survey is made by

20 3 g finding a series of elevations along parallel
straight lines, Fig. 8-8. The survey. lines
usually are spaced about 100’ apart. The

10 elevation points can be connected on profile

E H drawings. These drawings are used to esti-

PROFILE ALONG LINE mate how much earth moving must be done
"100" on a site.

20 B C | »
Surveys of Large Areas
o ' Modern instruments are valuable for
A D

surveying sites which are large in area.
Also, aerial photography can be used for

PROFILE ALONG such surveys. Photographs taken from the

Ha
LINE "0 air show the features of the ground. How-
Fig. 8-8. A series of elevations along parallel lines ever, horizontal and vertical control also
can be made into profiles of the terrain are needed to plot what the photographs
along the lines. . show. Techniques have been developed by
ol
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v
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which approximate elevations may be
found from aerial photographs. However,
these methods require expensive and com-
plicated equipment such as multiplex pro-
jectors and stereocomparagraphs.

Summary

Topographic surveying is measuring
land to show the exact natural and man-
made features of the site. These surveys are
made so that maps can be drawn for the
designer to use in designing a project.

Surveys begin with finding known points.
Locations and elevations are very impor-
tant, Fig. 8-9. The transit and plane table
are used for finding locations. Elevations
are found by using a level. The grid system
and contours or cross sections are used to
show the lay of the land.

Fig. 8-9. Imagine the surveying, mapping, and
construction drawing which had to be done
before this construction work could be
started. '

i
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Surveying And Mapping

Researchlng Exlstlng
Documents and Monuments

Fmdmg New Locatlon\

and Elevatlons

Plottlng Data
(Informatlon)

Terms to Know

research fixed level
location contour

level plot a point
surveying transit
resurvey monuments
horizontal control bench marks
vertical control data
triangulation grid
elevation mapping
Think About It!

1. Why does a surveyor begin measuring
from a monument or bench mark?

2. What natural features may have existed,
on and near the site of your school, be-
fore the land was settled and developed?

3. On a topographic map of your school
grounds, what improvements would be
shown?
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Fig. 8-10. A surveyor's map may show the location of existing structures with regard to the'planned project.
This map shows the different views that the motorist will have from the new highway.




Soil Testing

You have read how land surfaces are mea-
sured and described. This assignment will
help you understand the nature of the soil
which forms the upper layer of the earth.
Soil sometimes is used in the construction
of a structure such as an earthen dam. Gen-
erally, however, soil provides the load-bear-
ing surface upon which the foundation
(base) of a structure rests. No matter what
the structure may be, it must have a strong
and sturdy foundation. To be sure of the
strength and stability (firmness) of the foun-
dation, the construction designer must know
what the soil is like where the foundation is
to be built.

The Earth’s Crust

The crust of the earth is made up of rock
and soil, Fig. 9-1. Since rock is a hard ma-
terial, it requires great force to excavate or
remove it. There are several kinds of rock.
Bedrock is under all of the earth’s surface.
It may be deeply below the earth’s surface,
or in other cases, it may be exposed and can
be seen on the surface. Boulders are large,
loose pieces of rock. They are from about
8” to many feet in diameter. Cobbles are
small pieces of rock. They are about
4” to 8” in diameter.

Soil is composed of loose parts of the
earth’s surface. It is made up of grains of
different sizes. Gravel is in pieces which
range from the size of peas to the size of
cobbles. Grains of sand range from the size
of granulated sugar to the size of peas. The
texture of silt varies from that of powdered
sugar to that of granulated sugar. Clay is of
a very fine, powder-like texture, much like
that of flour.

Or"~

Fig. 9-1. The earth's crust is made up of rock and soil.
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Most soil is made up of textures varying
from that of fine clay to large boulders.
For example, a so-called silt may be made
up of 76% silt, 159 clay, and 10% sand.

Topsoil is the soil which lies near the sur-
face of the earth. It is gunerally covered
with grass, crops, or weeds, ‘i is a mixture
of soil and decayed vegetabie matter.

Soil Characteristics

Different soil has different characteristics.
Some characteristics depend on the soil
particles. Other characteristics depend on
the action of water on the soil particles. Soil
particles are not smooth like marble. They
are different in size and shape. Sometimes
they are rounded. More often they are jagged
with sharp corners. Because of the way
they are shaped, they may not fill the whole
space they are in. There are usually spaces
between the particles which are called voids.

Much soil, especially clay, is quite cokhe-
sive. This means that the grains stick to-
gether. In fact, some kinds of soil stick
together so strongly that they are nearly
like cement. This kind of soil is almost as
hard to work with as solid rock. Other clays
often are plastic. They can be molded into
different shapes very much like modeling
clay can be molded.
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Fig. 9-2. The water table generally follows the

surface contour of the land. In different
parts of the country the water table is
found at different depths from the surface.
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When the grains have large spaces or
voids between them, the soil is called loose.
When the voids are small, the soil is called
dense. Density can be made greater by put-
ting pressure or weight on soil. Most soil is
compressible. This means that it can be
pacled down or compressed.

The characteristics of soils depend a great
deal on the amount of water which they
contain. This water is of two kinds. At least
a small amount of water from surface seep-
age (drainage) is in the spaces between
grains of nearly all soils. In addition, there
are rivers and lakes of water under the sur-
face of the ground. This water fills and flows
through the spaces between the soil grains.
The top of this underground water, which
can be found by digging an open pit, is called
the water table, Fig. 9-2. The water table
is not flat like the surface of an above-
ground river or lake. Instead, it is found at
differing depths from place to place around
the world. It generally follows the surface
contour of theland. Like surface water, most
of this water is in motion or has a current.

In general, most soil (especially that with
a lot of clay in it) swells as moisture is in-
creased and shrinks when it is taken away.
Some clay slakes (turns into a soft mass)
when it becomes wet. A firm clay may lose
its strength when there is water in it.

When water freezes and becomes ice, it
expands and takes up more space. If the
water in the soil freezes, the soil also ex-
pands and takes up more space. This raises
the surface of the ground. Then, when the
ice thaws, water forms and the 3oil becomes
very wet. The depth of frost in the ground
depends on the weather.

When most soil is excavated or dug up, it
expands or swells. This happens because,
when soil is disturbed, air gets into the
spaces between the particles. One hundred
cubie yards of a certain soil in its natural
state might become 114 cubic yards if it
were taken out and loaded onto trucks. Then
it might be placed in a foundation for a
Puilding where it might be placed under
pressure to reduce the voids or spaces be-
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tween the grains. After this is done, it might
be only 85 cubic yards, Fig. 9-3.

Soil Analysis

On large projects, or when there arc un-
usual soil drainage or groundwater prob-
lems, soil specialists may be hired to do a
soil analysis. They study the soil and make
recommendations about how to work with it,
Fig. 9-4.
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There are many ways to get information
about what kind of soil or rock is under the
surface of the ground. The cheapest way-is
to find out wnat is already known about the
soil. This is done by checking with govern-
ment agencies, the neighboring property
owners, drillers, and soil laboratories to see
if they already have facts about the soil un-
der study. Another inexpensive method used
to analyze soil is to look at and feel the type
of rock or soil which is on top of the earth’s
surface.

Holes may be bored with drills. By seeing
the type of soil which comes out of the hole,

Fig. 9-4. A soil tester is using a pocket penetrometer
to check soil strength and its classification.

Fig. 9-5. A split-spoon core container with both
halves together is shown here.
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VOLUME OF EARTH
WITH AIR MIXED IN
THE ORIGINAL 1
VOLUME
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BEING REMOVED
FROM NATURAL
STATE
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Fig. 9-3. When soil is removed from its original position, it is loose because of the air it now contains. Also, it has

become large in volume (omountl. When the soil is packed to hold a load bearing surface (a foundation),
it then becomes smaller in amount.
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it is possible to tell what kind of soil is at
different depths in the ground. Some drills
are made so that they bring up to the sur-
face a cylindrical sample (shaped like a
round pencil) or core of the soil, Figs. 9-5
and 9-6. These cores may be sent to a lab-
oratory for analysis.

Sometimes, large holes are dug in the
ground so the soil tester may lcok at and
take samples of the soil at various depths.
These holes, which are dug by hand or ma-
chinery (Fig. 9-7), are called test pits.

Fig. 9-6. The split-spoon container with one half
removed shows the soil sample.

Fig. 9-7. An auger powerhead is used for large
diameter or deep hole drilling to obtain
soil samples.

Soil tests in the field are of two different
kinds. First, there are plate bearing tests.
In these, heavy weights are placed on about
four square feet of the earth’s surface. The
tester then observes the vertical and hori-
zontal stability of the soil. That is, he mea-
sures how much the load tilts or leans. Also,
he measures how much the load sinks into
the soil. These are measures of soil stabil-
ity and settlement. Second, there are den-
sity tests. Soil is put in a standard cylinder
and is hit with a certain number of blows

Fig. 9-8. A soil tester is performing a sand density
test.

Fig. 9-9. A laboratory technician is preparing a core
sample of cohesive soil for determining its
shear strength.




with a hammer. This shows how much the
soil packs together, Fig. 9-8.

Laboratory testing is done to find out
about (1) soil strength (Figs. 9-9 and 9-

Fig. 9-10. A shear strength testing device is being
mounted in a soil sample.

Fig. 9-11. A liquid limit testing device is used in the
laboratory to determine the amount of
water needed to cause the soil sample to
become fluid.
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10), (2) water in the soil (Fig. 9-11), (3)
soil plasticity, and (4) soil compressibility
(how much it will pack down, Fig. 9-12).
Geophysical tests using explosives or the

Fig. 9-12. A laboratory soil compactor is used to
measure the ability of a soil to be
compacted.
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electrical resistance of the ground often are
used. They are very nelpful in finding how
deep the bedrock is buried below the sur-
face, Fig. 9-13.

Soil and Construction

The soil under a foundation must be sta-
ble enough to hold up the load of the struc-
ture which is built on it. It must not erode
or wash away, and it must be kept from
heaving as a result of freezing or extra wa-
ter in the soil. Soil must not settle too much
or unevenly. This would cause the structure
to crack.

Soil is often used as a construction mate-
rial in making earthen dams. It must be
stuble and not heave or settle too much. It
must be placed so water can drain away
without eroding the fill. In addition, when
trenches are dug, some soils need to be held
in place by supports which are called shor-
ing, Fig. 9-14. This keeps them from caving
in or falling on the workers. Firm soil may
not need to be shored. Excavating crews
must know with which soil type they are
working to prevent dangerous caving in.

Seil Engineering

From the soil tests and the laboratory re-
ports, the construction consultant deter-
mines how %he soil in its natural state will
be affected by the structure. He also decides
what has to be done to or with the soil to
take care of the needs of the structure and
the safety of the workers. Sometimes a
large amount of soil must be removed and
replaced by soil which is better for use. In
other cases, pressure must be applied by
heavy rollers to reduce the spaces or voids
between the grains of the soil so that it can
hold a greater load. Often the composition
of the soil itself is changed by adding a dif-
ferent type of soil or even some other sub-
stance, such as cement, to it.

-~
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Fig. 9-13. Here soil testers are performing a
geophysical test using a seismograph to
determine how deep the bedrock is beneath
the soil.

Fig. 9-14. Shoring is used to hold soil in place.

The construction consultant decides how
steep the man-made slopes should be. He
also decides how to take care of extra wa-
ter and how to prevent frost heave. In the
case of foundations, he determines how

.much weight the soil can hold without col-

lapsing or settling too much or too unevenly.
He may even find that the soil is so soft that
pilings must be put in for support. Based
on the strength of the soil, a design for the
structure may now begin.
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Summary

In this assignment you have read * hat the

earth’s crust is made up of rock
Characteristics of various types of
been described. The designer or

and soil.
soil have
soil con-

sultant tests the soil and decides what needs
to be done with the soil so it will support

the structure that is being planned

Soil Testing
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r ot l -
Laboratory Field
I I |
Soil strength | Water in the soil - Soil stability
(shear test) | (liquid limit test) (plate test)
Soil plasticity  Soil compressibility | _Settlement
(plastic limit test) (compressiontest) | (plate test)

Terms to Know

voids cubic yard
bedrock analysis
topsoil sample
slakes stability
cohesive laboratory
loose soil geophysical
dense soil shoring
compress , piling

water table

. _Compaction
(density test)

|_How deep is bedrock
(geophysical test)

Think About It!

1. Describe the soil in your community.
2. How does the soil in your community af-
fect the following: '
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water supply
building foundations
basements

., roadways

drainage

plant growth
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The previous reading assignments have
discussed how a project is begun and a con-
struction site selected. The next step in the
project is the developing of a working plan
of action. This is a process known as design.
The design process was actually begun be-
fore the selection of the site, because the site
must fit into the master design plan. If this
had not been done, a poor site might be
selected. This assignment will introduce the
design process of construction involving:
(1) architects, (2) engineers, (8) contrac-
tors, and (4) craftsmen.

What is Design?

Designing is finding a solution to a prob-
lem. A design does not need to be entirely
different from any other designs. It may be

Fig. 10-1. The Mormon Tabernacle in Salt Lake City
is a solution to one designer's problem.

Designing

and Engineering
Construction
Projects

a combination of ideas arranged in a differ-
ent way, Fig. 10-1. A traffic system for a
neighborhood would probably be the result
of a design of this kind. The designer would
probably use standard materials, basic
measurements, and standard curbing and
drainage methods. However, his use and
arrangement of these features might be
very unusual, Fig. 10-2. The result would
likely be something entirely different from
other designs of this kind. Because require-
ments, purposes, and other limitations may
change with each situation, each design is
usually unique.

Some problems require entirely new solu-
tions. There might be no past experience or
usable background information that would
apply to the planned project. “No past ex-
perience” means that the designer must be
very creative. He must experiment with de-

. 10-2. After the general shape of the design has
been determined, the details are
engineered.
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Destgning and Engineering Construction Projects

signs. Examples of problems of this kind
are:

1. A nuclear-powered generating plant,
2. A space station, and
8. A neighborhood nuclear fallout shelter.

Each of these problems might require in-
formation and use of materials different
from routine construction projects. Also,
there is usually little past reference infor-
mation available for the designer to see
what others have done on each of the three
problems. To design a nuclear-powered
generating plant, the designer must learn
the scientific principles involved so his de-
sign can meet the needs of the project. A
space station will require many new ma-
terials and techniques. The design for a
nuclear fallout shelter would be based on
conditions that could not be tested without
having a nuclear explosion. Thus, the de-
signer must think of each problem in very
fine detail to develop a workable design.

In general, the process of designing is the
art of finding a new solution to a problem.
The final product of a designer is a com-
pleted project such as a building, a com-
munity, or a bridge that satisfies a given
need. The final design is usually presented
in the form of drawings and specifications
that can be used by the builders to produce
the final project.

Design Considerations

Regardless of the type of design project
being developed, there are basic factors that
are common to all designs. Several of these
factors are: (1) function, (2) appearance,
(3) cost, (4) construction materials, and
(b) strength. These factors are closely re-
lated and overlap, making it hard to sepa-

-rate them.

Almost all design projects begin with a
budget that outlines how the money is to be
spent on the project. The most important

-
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part of a construction design is its function
or its ability to meet the problem’s needs.
For example: a foundation must support a
building. If it will not, the design is un-
satisfactory regardless of how economical
or attractive the foundation may be. An-
other type of function is flow of traffic in a
parking lot. The design is a failure if auto-
mobiles cannot enter and leave the parking
spaces in an efficient manner without caus-
ing traffic jams.

The use of materials and strength of a
design are important to the project. Al-
though leather or steel could be used as the
material for a door hinge, steel would be
better. A steel hinge would give more
strength while holding the door securely in
position. Dams may be constructed from
earth or concrete with each material having
certain advantages over the other.

The Design Process

The designer’s procedure for arriving at
his final solution may vary with the indi-
vidual; however, he will always approach
the design process in an organized manner.
The steps given below outline a procedure
that is commonly used by most designers.

1. Problem Identification: A problem is
identified to prove that there is a need
that must be satisfied. Background infor-
mation must be gathered and evaluated
to understand the full need. For example,
a need is recognized for a design to pro-
vide automobile traffic to cross a river-
bed. Tdentification of the problem would
include (1) setting up dimensions, (2)
finding the depth of water, (3) finding
the width of the riverbed, (4) estimating
the number of people who would need to
make the crossing, (6) finding historical
records which show high water levels,
‘and (6) studying cther information of
this type to better understand the prob-
lem,
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2. Preliminary (Beginning) Ideas: After

the problem has been fully identified,
the designer should consider as many so-
lutions as possible with little regard to
the details as to whether or not a solu-
tion will work. Sketches, notes, and ideas
are jotted down as fast as possible in
hopes that one idea might lead to an-
other. Using the riverbed crossing as an
example, the designer might consider re-

The Design Process
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routing the river, building a bridge, using
a ferry or other ideas. At this point,
these ideas have no limits.

. Refinement (Improvement): After the

designer has a number of beginning ideas,
he will select several of his better ideas
for refinement. Refinement usually means
that specific details are improved so that
the designer can judge his design. Usu-
ally, scale drawings are made that will
specify dimensions, shapes and other fac-
tors that will describe the designs. At
this time, it is better to improve several
designs rather than select only one.

. Analysis: Analyzing a design is the

process of finding the strength needed
in each part of the design. This phase of
the design process is more closely related
to engineering than any other. If a bridge
were to be used to cross the river, the -
proposed structure would be analyzed to
decide the size needed for each beam and
column,

. Decision: At this point, more than one

design has been improved and analyzed.
It is necessary for the designer to make
a decision or present his ideas to a group
for its decision. A decision may be made
to (1) accept one design, (2) combinc
several design features or the best solu-
tions, or (3) turn down all designs, and
repeat the design process. A design for
a riverbed crossing would probably be
presented to a building committee or a
city council responsible for the final deci-

gion.

. Implementation (Use): When the deci-

sion is made to accept a design, the de-
signer supervises the preparation of the
plans and specifications from which the
project will be constructed. Minor
changes in the design may be made dur-
ing construction which may require that
the designer assist in supervising the
construction, '
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Shopping Centers,
Buildings, Community Parks
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Who Designs?

Construction projects may be designed by
cither an architect or an engineer depend-
ing upon the nature of the project. Archi-
tects develop master plans for buildings,
shopping centers, and community develop-
ments. Engineers are more concerned with
bridges, dams, highways, and utility sys-
tems. The architect in charge of a shopping
center design will be responsible for the
master plan, but he will rely on the engineer
for designing certain parts of the project.
For example, the engineer will clesign the
utility system, the drainage of the site, and
the structural system of the building.

An Example of a Design Problem

The reading assignments which follow
will discuss each of the steps of the design
process as they apply to the following
problem:

A Camping Facility: A plot is available
for a camp site that joins a lakeshore.
This site will be used for a weekend
camp for a troop of 20 scouts. The
scouts will need housing, parking
space, utilities, fishing area, boating
facilities, and similar improvements
that would help them enjoy their week-
ends when visiting this camp.

Summary

The design process is a systematic method:
of developing a plan for constructing a
project. The design process does not end un-
til the project has been completed. The six
steps of the design process are: (1) prob-
lem identification, (2) preliminary ideas, (3)
refinement, (4) analysis, (6) decision, (6)
implementation. The following reading as-
signments will outline each step of the de-
sign process in greater detail. To illustrate
these steps, reference will be made to the
camping problem stated above.
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Terms to Know

requirements

budget

vary

problem identification
designing

designer

efficient

preliminary
refinement

analysis
analyze
dimensions
decision
implementation
utility systems
data

design process
supervising

Think About It!

1. You have been asked to design a neigh-
borhood playground. What do you need
to do to:

a. Identify the problem

b. Develop preliminary ideas

c. Define these ideas

d. Analyze the design

e. Select the final design

f. Get the playground built
(implement the design)

NI 2
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Identifying the
Design Problem

Before a design is attempted, the prob-
lem must be clearly defined in the mind of
the designer. He must understand what is
to be designed and why it is necessary.
This step of the design process is called
problem identification, Fig. 11-1.

Whether the designer is an architect de-
signing a community development or an en-
gineer designing a highway, he must know
the total needs and requirements of the
problem. The basic steps of identifying a
design problem include: (1) identification
of needs, (2) gathering information, and
(3) judging information. These terms are
explained in this reading.

Identifying Needs

A design is always based on a need. A
bridge is designed to span a canyon. A res-
ervior is designed to store water. A camp
is designed to serve the needs of campers.
If a number of camping grounds were avail-
able at a low cost and at a convenient loca-
tion, perhaps the need would not exist.
However, if a troop of boy scouts could ob-
tain a camp that was better than those
available, it would be a desirable project.
The need could be stated as follows:

A camp is needed to provide recreation

for Scout Troop 403 on Lake Indian

that would be better than those that.

are available and would be reasonable
in cost.

To clearly define the purposes of the de-
sign, the design statement should be written
out on a work sheet. This should be done for
a skyscraper project as well as a hot dog
stand.

Gathering Information

Additional information is needed to iden-
tify the problem and its limitations. For
example, it would be necessary to know:

1. How many boys would be using the

camp on a typical outing?

2. How often would the camp be used?

3. What kinds of activities would be

provided?

4. Would there be a number of automo-

biles to be parked?

Problem

Identification

Fig. 11-1. Areas that must be considered to identify
the problem.
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5. Would there be boats to be housed?

6. Would a permanent bunkhouse be

required?

Information of this type must come from
those involved in the project as they will be
the ones to decide what features are de-
sired. Likewise, an architect must learn
about the businesses that are to be included
in a shopping center that he is to design.

If a certain site has been donated to the
scout troop, the problem would involve a
study of the site to decide the best way to
take advantage of its best features. On the
other hand, it may be necessary to gather
information on a number of available sites
before selecting the one that is best suited
to the needs of the scout camp. Information
must be collected about the specific site
selected for the camp: (1) lot contours and
dimensions, (2) the location of trees, (3) the
minimum and maximum rainfall, (4) the
high and low levels of the lake, and
(5) other characteristics of this type.

Indentifying the problem for a camp is
very similar to identifying the problem for
the designing of an apartment building. In

~— WOODY ROAD—#
ARROW CREEK

Fig. 11-2. The site of the"‘con%ping facility.

both cases, there are many small problems
that must be identified within the total
problem. For example, if the site shown in
Fig. 11-2 is to be used for the camp, a bridge
will be needed; and perhaps a parking lot
and bunkhouse will be identified as major
parts of the total problem.

Judging Information

Information that has been gathered con-
cerning the site’s characteristics, the de-
sires of the scout troop and other factors
affecting the design plan should be judged
(evaluated) to obtain a better understand-
ing of the problem. Evaluation could be

. improved by drawing graphs to show past

records and to make predictions for the
future, Fig. 11-3. Information such as: the
ages of the scouts, the number in the troop
during the year, and rainfall records are
examples of information that can be shown
in a graph. Diagrams can be used to repre-
sent ‘the various activities that have been
identified, as in Fig. 11-4.
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Identifying the Problem 67

Summary Terms to Know

| After identifying a problem, the architect  identify minimum
or engineer will be in a better position to ~ problem - evaluate
suggest solutions. He must understand the  limitations - architect

problem before he can design. The three = maximum evaluation
basic steps of the identification process are: ~

(1) identification of a need, (2) gathering

of information, and (8) evaluation of infor-

mation. Graphs and diagrams can be of ‘help , 9
in evaluating information.

Gvikps SRt AR

Think About It!

CibiaiosTandieign iy L

1. To identify a problem, the designer first

must ask, “What is needed?’ Describe
Lo the general needs that these structures

é Activities L fill.

o To Be Warehouse

Included . Garage

' School

Hospital

Factory
f. Department store

2. As a way of gathering information, the
designer asks many questions. Imagine
that your city needs a new, three-story
hospital. How would you move people
from floor to floor? .

Fig. 11-4. A schematic diagram used for identifying 8. Evaluate your answers to 2. How will

~ the problem. ' they affect the building design? .
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After a problem has been well defined,
the designer should think up several differ-
ent solutions to the problem. A number of
ideas are likely to be more valuable to the
final solution than are only one or two. In
general, preliminary (beginning) ideas will
be related to the problem limitations that
were found in the identification step of the
designing process.

Beginning Ideas and Creativity

Beginning ideas are ideas that come to
the designer when he first thinks about
possible solutions to the problem. He should

ACCESS

ROAD BRIDGE

Fig'. 12-1. Preliminary idea #1 for the site plan of the
camping facility. .
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Developing
Preliminary Ideas

not try to study these ideas, but instead,
simply list or sketch the ideas as they come.
Being critical of the first ideas can limit the
designer’s freedom of thought. He should
look for solutions that are different from
existing solutions for similar problems.

Since the designer is completely unlimited
at this point, this is the most creative step
of the designing process. Suggesting new
solutions might result in a new idea. Perhaps
the new idea will improve older methods or
will give an entirely new way of looking at
the problem.

An engineer responsible for providing a
water supply for a city may list several
older ideas: (1) a well, (2) a lake, or (3) a
pipeline. He might also develop unusual sug-
gestions such as making new roofs for every
home in the community. These roofs would
hold water and provide each home with its
own water supply. This new idea might
work. All ideas should be considered, even
if they do not seem reasonable at first glance.

Recording Beginning Ideas

If the first ideas are not written down as

they come to mind, they might be forgotten.

It is even better if freehand drawings are

~made. Even if the drawing is a diagram, it

will ‘help detail the idea. Notes can be added
to drawings. Making notes and drawings
help the designer find other ideas. Once the
ideas begin to come, he should draw and

write as fast as possible to keep up the flow"

of his thoughts. Work sheets should be used
as permanent records of his ideas. The de-
signer can refer to this work sheet in the

“designing process.




Beginning ideas for the camp design will
involve a general layout of the various parts
to be included. For example: the entry road,
parking lot, bunkhouse, and water facilities
should be studied by using the technique
shown in Fig. 12-1. General areas may be
defined by using loose diagrams to show the
general relationships of the parts. Another
camp plan is suggested in Fig. 12-2, There,
the bunkhouse is built on piers above the
water and off the shore of the lake. This
process of sketching general relationships
helps the designer see a number of possible
combinations.

The designer will apply the same technique
to each part of the overall plan. Using this
approach, he will need to decide the layout
for the bunkhouse. The diagram in Fig. 12-3
shows the general relationship of the major
activities within the bunkhouse. Making sev-
eral diagrams like this will provide a basis

for the development of a rough floor plan as

shown in Fig. 12-4. More than one diagram

~ should be sketched so the designs can be

compared with others.

- ACCESS
ROAD

Fig. 12-2. Preliminary idea #2 for the site plan of the

camping facility.
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LIVING-
SLEEPING
AREA
PATIO
AREA

BATH KITCHEN

Fig. 12-3. A preliminary idea for the bunkhouse plan.

|

© LIVING=
SLEEPING

7

PORCH

<

— e T
| | KITCHEN

BATH " PATIO

Fig. 12-4. A sket;:h of a preliminary floor plan of the
bunkhouse. ’

0 83




70 The World of Construction

Summary

The most creative phase of the designing

~ process is the step in which beginning (pre-

liminary) ideas are developed. These ideas
can be as unusual as the designer would
like, with little concern, at this time, for the
feasibility of a particular concept. Each new
idea may suggest additional ideas from
which new methods may be developed. Pre-
liminary ideas should be listed on work
sheets with general notes to outline the idea.
A good solution is more likely to come from
a large number of preliminary ideas than
from a single one. Freehand drawings may
be in the form of pictures or diagrams. The
next step of the design process will be the
refining of several of the better preliminary
ideas. -

Terms to Know

preliminary creative T
problem layout

solution
diagram

relationships

Think About It!

1. Preliminary means “before the main
business.” Why should a designer sketch
and write his preliminary ideas, before
he works out exact dimensions?

2. At a “brainstorming” session, several
people work together to create new ideas
for solving a problem. Each person is
free to borrow and change the ideas of
others, but no one criticizes an idea in a
negative way. Try “brainstorming” to
create onz of these structures.

a. A house than can be cleaned inside
and out; using hot water from a
garden hose.

b. A combination garage and storage
area that can be kept free of animals,
insects, and excess dampness.
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Refining Ideas

The problem has been identified. Prelim-
inary ideas have been collected. The next
step is refinement (improvement):. During
refinement, the designer will develop several
of his preliminary ideas into more complete
form. Some of the first ideas may appear to
be workable in rough, freehand form, but
may not be acceptable when they have been
refined and drawn to scale.

Drawing to Scale

Preliminary ideas have been drawn free-
hand, with very little attention to dimen-
sions, shapes, and sizes. The plan for a
parking lot may be in the form of a general
area sketched on the site plan. When actual
dimensions are not used, it is very easy for
a freehand sketch to be misleading. A park-
- ing lot sketch could be much too small for
the number of cars that are to be parked.
Thus, to decide whether or not the pre-
liminary ideas will work as planned, they
should be drawn again to scale. It might
then be necessary to turn down a prelimi-
nary idea or to improve it so that it will
be workable. '

More than one of the first ideas should be
improved to give a selection of ideas and a
comparison of different concepts. The de-
signer should not select a solution to the
problem too early. Selecting a solution too
soon could eliminate ideas that might be
better. The designer should refer to his first
ideas and sketches on his work sheets and
refer to his problem identification work
sheets. Idea refinement requires the de-
signer to do more thinking and use less

creative expression than in the previous
step of the design process. During the re-
finement step, the designer tries to use the
best ideas for a workable solution. The solu-
tion can then be constructed to give the best
results at the best cost.

Refining a Boathouse Design

An example of the refining process can
be shown in the development of a boat-
house design for the scout camp problem.
While the problem was being identified, it .
was decided that four boats would be stored
and housed for protection at the lake’s
shore. A preliminary idea is shown in Fig.
13-1 in a general layout form. This sketch
gives only a rough idea as to how the boat-
house might be designed, but it is not drawn
to scale. Then this preliminary sketch is
drawn to scale with more specific dimen-
sions and details.

Fig. 13-1. A preliminary sketch of a floor plan of a
boathouse.
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A scale drawing of the boathouse floor been used as the basis for the dimensions

plan is shown in Fig. 13-2. Notice that the of the boathouse.
dimensions of the boats, the items to be Although the floor plan is the beginning
stored, and the width of the walkways have point for a workable design of this type,
thought must also be given to the type of
roof, outside walls, height, and the general
ps'-o"-l-z'-l-s'-o"-.r.s'-o“-l exterior of the building. An exterior refine-
- Fo) ment is shown in Fig. 13-3. As the design is

3 N

I

improved, details of construction (ways of
hoisting boats out of the water, what ma-

terial to select, and how much construction
o o] will cost) become important. As the refine-
'é B4 ment process continues, suggestions must
be made for each of these items.
x— Rejecting Refined Ideas
CHANGE NEED CENTER
DOORS COLUMN_S At any point during the design process,
Fig. 13-2. A refinement of the preliminary boathouse the designer may discover that his design
plan. will not work. If this happens, he must re-
.
Y
'%ﬂ

BEAM FOR
HOISTING BOATS

JA——

~ Fig. 13-3. Refined drawing of exterior of the boathouse.
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turn to his earlier steps (his preliminary
ideas) to select another idea to be developed.
This procedure is repeated until he feels
that the best solution has been obtained.

An engineer may select a site for a bridge
that seems to be the most likely location.
After studying the site in greater detail, he
may find facts indicating that this site
would be highly expensive or impractical
for the bridge. He may then consider other
sites that might be better and that could
serve the same purpose at a lower cost. If
the cost of moving the highway to the new
bridge site would be much higher than the
cost of the bridge, perhaps the added ex-
pense for the bridge in its original location
would be justified. Cost or time limitations
may cause the engineer to reject the pre-
liminary ideas.

Summary

Refining is the first step in judging the
beginning ideas with respect to the master
plan. The beginning ideas are improved,
drawn to scale, and studied te obtain a
realistic idea of the size, form, and details
of the design. Dimensions such as roof
height, square footage, storage space, park-
ing areas, and structural parts can be
checked as the design is improved and
drawn to scale. Refinement drawings are
not finished plans from which the project
could be constructed. They are general scale
drawings that will show important details
that should be defined as early as possible

‘before the design is analyzed.

During the refining of a preliminary idea,
the designer may see problems that cannot

Refining Ideas 73

be as easily solved as he had once thougkt.
He should select other preliminary ideas to
improve. The designer should then try to
adapt several of the better idecs of the re-
jected design to his new ideas. Rejection is
not to be considered a failure in the design
process, but merely a natural procedure in
finding a solution to a problem.

Rather than putting all his efforts into a
single idea, the designer should develop and
refine several workable ideas. He will then
be in a better position to select the best
design. Before he can make a final decision
on which design is actually the best, he
must study his design for function, strength
and cost. This is the next step of the design
process which is covered in the following
reading assignment.

Terms to Know

refinement preliminary ideas
drawn to scale rejection

sketch creative

exterior

Think About It!

1. When a design idea is to be refined, exact

sizes become important. What dimen-
sions and activities need to be studied
if you were designing a classroom for
school music activities.

2. Suggest some things that could go wrong
if a designer did not carefully “work out”
the music room sizes and dimensions.
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When a preliminary design has been re-
fined, it must then be analyzed (studied) to
determine its acceptability, Fig. 14-1. When
an engineer has refined a design, he must
analyze (study) his design to decide what
will give (1) the best structure, (2) the best
use of the site, and (3) the most useful
project.

Struétural Analysis

A simple structural analysis is illustrated
in Fig. 14-2. A diving board has been drawn
to scale. The maximum load of impact (when
a swimmer jumps) at the end of the board
has been figured. The problem is to figure
the load at point A that would be necessary
to anchor the board when a maximum load
of 600 pounds is applied at point C (the end
of the board) by the diver. Since the board

Fig. 14-1. Hydraulic engineers are checking water
flow patterns for spillways on a model of
a dom. ‘
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Analyzing the
Design

is supported at point B, the principle of the
lever can be applied to the design.

The ratio of loads at each end will be
opposite in proportion to the dimensions AB
(8’) and BC (6’). Notice that BC is twice as
long as AB. Thus, the load at point A must
be twice as much as the load at point C. The
engineer’s technique in making this analy-
sis, using mathematics and physics, is shown
on his analysis worksheet in Fig. 14-3.
Notice that he has sketched the diving
board in a diagram form to help him define
his analysis problem in its simplest terms.

After the engineer has completed his
figuring, he has found that a load of 1,200
pounds would be required to anchor the dis .
ing board to offset the maximum load ap-
plied by a diver. A safety factor of 2 is
applied to make sure that the anchor is
adequate. A number of rocks could be used
to apply a dead weight of 2,400 pounds.
Concrete could be used in place of the rocks,

| MAX. LOAD=
LOAD=? 600 LBS.
@M * DIVING BOARD
L UNIIE c
| | SUPPORT B
COLUMN |
— 3 6
WATER

Fig. 14-2. Even the design cf the diving board must
be analyzed.




or pilings could be driven in the bank. If
pilings were to be used as the anchor, the
engineer would have to analyze how fto
fasten the board to the pilings and the hold-
ing power of the soil on the pilings. The
engineer would know which type of anchor
to use after his study.

Site Analysis

Analysis.of a design might involve the

analysis of a construction site in order to
prevent problems of drainage, allow path-
ways for access, and to permit grading or
excavation (leveling or digging earth). For
example, the contour map of the scout camp
would need to be analyzed to determine how
the rainwater would drain. Notice that a
bunkhouse located in the position shown in
Fig. 14-4 would be in the path of the water
drainage. Draining water could cause dam-
age to the building.

600 LBS.

]

]
c

6 -l
SUPPORT

LOAD x 3 FT. — 600 LBS.x 6 FT.=0

LOAD x 3 FT. = 3600 FT, LBS.
_ 3600 FT. LBS.

LOAD = 3 FT.

1200 LBS.(LOAD AT A}

SAFETY FACTOR OF 2
SAFE LOAD = 1200 LBS. x 2= 2400 LBS.

**USE LOAD. OF 2400 LBS. AT POINT
A TO ANCHOR DIVING BOARD

Fig. 14-3. Engineers use mathematics and physics as
. their tools to analyze this diving board
design.
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Some areas of the site are better suited
for certain activities than others. For ex-
ample, a parking lot should be located where
the site is most level and nearest to the
road. This will reduce earthmoving and the
length of the access road.

The steepness of the ground will also
affect the feasibility of a roadway. A scale
drawing could be used to analyze the prob-
lem of unloading a boat in the lake. It can be
seen in Fig. 14-5 that it would be hard to
back a boat trailer to the lakeshore without
site and roadway preparation. If the incline

ANALYSIS OF A -CONTOUR MAP SHOW
HOW WATER DRAINAGE COULD DAMAGE

THE BUNKHOUSE IF PLACED IN THIS
FOSITION . o

Fig. 14-4. Site and structure must be analyzed to see
if they fit together.
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is too steep, it will be impossible for a car to
pull the trailer and boat uphill. Analysis of
the boat launching problem and many other
problems is all a part of.site analysis at the
proposed camp.

Functional Analysis

Another type of analysis is functional
analysis. This type of study will show if the
idea or design will work. This involves the
analysis of such things as (1) materials to
be used, (2) ease of operation, and (3) flow

TOO STEEP —
CAUSE DAMAGE

ANALYSIS OF AN INCLINE TO
THE BOAT LAUNCHING AREA

’

Fig. 14-5. Boat-launching inclines must be figured.

ANALYSIS OF THE PROCEDURE OF -
LIFTING A BOAT FROM THE WATER
FOR DRY STORAGE IN A SUSPENDED
POSITION

Fig. 14-6. Boat-lifting procedures must also be
considered.

or movement (as in the case of a hallway,
driveway, or fishing dock). For example, a
long fishing dock would not work if it were
so narrow that one fisherman could not walk
past another. Likewise, an access road to
the bunkhouse should provide space for
turning a car around so that the driver
would not have to back out the entire
distance.

The boat house must be designed with
thought for safety and human use. For in-
stance, if the boats are to be hoisted out of
the water with a pulley system, the designer
must decide (1) how much pull must be
used, and (2) the distance above the water
that the boats will be held. Then he must
provide the necessary space for this to be
done. Figure 14-6 shows the procedure of
pulling the boat.-out of the water. Using the
weight of the boat and the pull that must be
used to hoist the boat, the designer must
provide enough space for a person to safely
stand while hoisting .the boat. This involves
an analysis of human factors and the body
movements that would be needed to apply
the pull. A crowded area would make this

_a difficult task.

The act of getting out of a boat onto a

- platform at the side of the boat would need

to be thought out and a means for steady-
ing the boat decided upon. The necessary
handrails and safety devices that would im-
prove this situation would have to be pro-
vided. Sometimes an analysis of this kind
must be performed at the site of the project,
where the conditions of the problem can
actually be seen.

Summary

Analyéis is the process of determining
-whether or not a design solution will actually

~ work under specific conditions. The struc-

tural members are analyzed to make sure
that they have been adequately designed.
This type of analysis is structural analysis.
Other types of analysis that apply to most
construction projects are: (1) site analysis
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and (2) functional analysis. The analyzing
process may identify problems in the pro-
posed design solution. These problems might
make it necessary for the designer to return
to another preliminary idea that would give
a more workable solution.

Terms to Know

structural analysis

functional analysis

analyze

adequate

maximum .

ratio

principle of the
lever

Think About It!

1. Suppose that you have been asked to
purchase and install recreation equip-
ment for a neighborhood playground
a. What special structural problems do

you think should be considered?.
b. What functional problems need your
study before you install the equip-

ment?

c. What site problems do you need to
study before you install the equip-

ment?

proportional
site analysis
hoist

pilings
feasibility
physics
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Analyzing A Design

--Contour -
~Access
~Drainage

| Availability
of utilities

-Soil
characteristics

| Traffic -Strength
flow -_Shape
. }-Safety |-Size
| -Dimensioh
—Operatio
peratl nLReIation-
: ships
—-Maintenance

'NOTE: Thesz are only a few factors
considered in making an analysis.
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When several designs have been refined
and analyzed and found to be satisfactory,
the one that will be constructed must be
selected. The process of choosing is called
the decision step of the design process. This
is an important step. There is always the
possibility of rejecting the proper solution
or accepting the wrong solution. The re-
sponsibility for making the final decision on
a design solution may lie with the designer,
an individual owner, or a committee of
individuals, such as the city council. The
designer of an outdoor patio would probably
make the decision as to which design he
would select. On the other hand, the de-
signer of a utility plant would have to pre-
sent his designs to a city council for its
decision of which one would be best at a
cost that could be afforded. See Fig. 15-1.

Fig. 15-1. The desngn of this city sewage plont hod-
to be opproved by a city council. '
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Selecting
the Design

Decision by the Designer

The designer who will decide which de-
sign will be built will go through much the
same process as he would if he presented
his design to a group. The main difference
would be in the process of presenting his
ideas. Since the designer is familiar with the

problem, he would make several sketches,

scale drawings (Fig. 15-2), and pictorial
views of each design to help him compare
the designs that he is considering. His next
step would be to list the advantages and
disadvantages of each design. This list could
serve as a guide in arriving at his final

choice. In effect, he is communicating with

himself through sketches, drawings, and
notes to make sure that all aspects of the
solutions are considered.

Decision by Others

If the designer must get permission from
someone else or a group, he must approach

‘the problem in much the same way as noted
_above. He must, however, place more em-

_phasis on explaining his ideas. In order for

the deciding individual or group to have a
sound basis for making a decision, the de-

‘signer must explain his ideas step by step.

One. design may be far better than another,
but it may cost more. Perhaps the deciding

! person or committee would change the
' -budget to make the more expensive design
- possible, if it were clear that this expensive

design would cost less in the long run.
‘The designer does not wish to trick any-
one. He wants.to present both sides of the

“issue. A deciding committee is often made up
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Fig. 15-2. The designer makes scale drawings of the structure to help him consider alternatives.
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80 The World of Construction

of people who have different backgrounds
and who may not understand the technical
aspects of the problem being presented. In
such a case, the designer must prepare
visual aids that will make it possible for
him to explain the details of his design and
to identify the factors that must be con-
sidered in the decision, Figs. 15-3, 15-4,
and 15-5. :

Presentation of the Design

In order for the designer to present his
design, he may use a number of visual aids.
He may use models, flip charts, slides, pic-
tures, diagrams, graphs, or any similar

Fig. 15-3. Scale models help in decision making by
enabling one to see the project.

0
Y

techniques. Architects may construct a scale
model of an entire city development. Since
the average person can understand a model
much more easily than he can understand a
detailed drawing, models are excellent for
this kind of presentation. When a model can-
not be used, pictorial drawings are used to
show the appearance of the project in its
finished form. Photographic slides of similar
design solutions may also be used as an
example of the kind of design that is being
proposed.

Tables of figures, costs of construction,
and other information of this type are easy
to analyze if plotted on a graph. A graph
permits easy analysis of the trends and
past histories of such information as popu-
lation figures, cost of various materials, and
the trends of labor costs. Simple bar graphs
and line graphs can be easily drawn on a
flip chart and presented and explained to
several people at one time. Without many
hours of study, it would be impossible for a
person who was unfamiliar with the prob-
lem to make a wise decision as to which
design would be the best. The designer can
stop this waste of time by developing his
presentation with his audience in mind.

The presentation may be given to an in-
dividual, a small group of four or five people,

Fig. 15-4. The designer presents his designs to a
group to aid them in making a decision.
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Selecting the Design 91

or it may be given to a larger group of a
hundred oxr more. This would be the case if
presentation were given to members of =2
community who were responsible for voting
on the construction of a new school. The
presentation would outline the advantages

‘and disadvantages of the project and make a

suggestion for a solution. The overflow of
present school facilities and the expected
number of children in the next few years
would be important factors to point out. The
location and the convenience of the school
would also be important factors.

Working Drawings

If the project is rather simple, such as a
design for a service station or a paved park-
ing lot, the completed working drawings
may be presented to the committee. Com-
pleted working drawings are drawings that
are fully detailed and dimensioned, and
could be used in constructing the final
project. They will be supplemented with
sketches, pictures, and other diagrams as
mentioned above. On the other hand, the
proposed design for an apartment building
would probably be presented in general
form before the investment was made in
preparing additional detailed drawings. The
proposed plans would show the appearance
of the building, its general site layout, the
floor plan, and sufficient details to provide
a complete impression of what the finished
design would look like. Once the proposed -
plan has been approved, the detailed work-
ing drawings and specifications would be
prepared.

The presentation for the bunkhouse de-
sign for the camping site would need views

of the outside, an accurate floor plan, and
diagrams explaining the foundation and
proposed construction methods. The de-
signer would use these drawings and dia-
grams to present his idea to the troop. The
troop would then decide which arrangement
seemed best and should be accepted.

Fig. 15-5. When the designs are rather simple, a set
of working drawings may be’ presented to
the committee. The sketch here is one
example of a plan and elevation of a shoe
store attached to a men's store.

A. Left wall, men's shop. ' _
B. Right wall, women's and children's shop.
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82 The World of Construction

Summary

In the design process, a decision must be
made to (1) accept, (2) change, or (3) re-
ject the design. It is necessary for the de-
signer to present his ideas and suggestions
as clearly as possible to the individual or
group responsible for making the decision.
An excellent design may be rejected if the
designer is unable to present his ideas in an
understandable form. In most cases, he will
need to make use of visual aids, expecially
pictures, to present his ideas.

The designer must develop his ability to
discuss design problems with groups and
make suggestions based on facts and his
analysis of the problem’s needs. If his de-

Design A| | Design B| | Design C

Use the design to
prepare working drawings

s
o3

sign is properly thought out and he can ob-
tain approval from the deciding committee,
the next step will ke the implementation
of this design. This will begin with the
preparation of detail working drawings from
which the project will be constructed.

Terms to Know

decision scale drawing
designer presentation
advantages visual aids

working drawings
investment

disadvantages
scale model

Think About It!

1. Imagine that you have designed two
- plans for a neighborhood park. A com-
mittee of businessmen, parents, teach-
ers, and city officials may choose one of
your plans. What questions might these
people ask, before they decide on one
plan? '
2. How might you use each of the following
davices to help answer their questions?
Models
Photographs of similar projects
Bar graphs and tables of figures
Diagrams that show function or move-
ment , :

e T
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Making
Working Drawings

The working drawings in the construction
_contract for a project give the physical de-
tails needed to build the project. They are
used by all people responsible for the con-
struction of the project. They are used
especially by the construction contractor
and his workmen, Fig. 16-1. Working draw-
ings that are even more detailed than those
in the construction contract are often made
in the offices of the contractor and his sub-

~ contractors. This is done to guide their own

work. These working drawings are called
shop drawings. See Figs. 16-2 and 16-3. The
contract drawings and shop drawings for a
project must be accurate and complete if
the project is to be successfully constructed.

A Set of Working Drawings

The working drawings in the contract for
a small, simple construction project may
have: (1) a site plan, (2) a foundation
plan, (3) floor plans, (4) a roof plan, (5)
elevations, (6) sections, and (7) details. In
simple projects, all of the physical details of
the project are shown in this one set of
drawings. Each drawing shows not only the
physical form of the project, but also all of
the mechanical, electrical, and structural
parts of the project, Fig. 16-3.

In larger or more difficult projects, sepa-
rate sets of drawings are made.. One set
shows the details of the site plan such as
excavation (earth removal) limits, paving

- requirements, river control, or detour con-

struction. These are called civil drawings.
When necessary to the project, other sets
of working drawings also are prepared.

Architectural drawings are made to show
many details of the physical form of the
project. Mechanical and electrical drawings
show: (1) heating, (2) cooling, (3) drain-
age, (4) plumbing, (5) elevator and moving
stair, (6) ventilating, (7) lighting, and (8)
electrical requirements. Structural drawings
also are made to show the detailed struc-
tural needs of the project.

The set of working drawings in the con-
tract for a project may have architectural,
civil, mechanical and electrical, and struc-
tural drawings all separated into sets. This
is done so the drawings can be read easily
without getting them mixed up.

In very complex projects, these sets of
working drawings may, in turn, be further
divided into more sets. For example, sepa-
rate sets for heating, plumbing, and electri-
cal distribution may be made. A complete
set of working drawings for a large, compli-
cated project may have hundreds of sepa-
rate drawings. ‘

Accuraéy

Each of the drawings in a set of working
drawings must be accurately drawn to scale
and dimensioned. That is, the lengths,
widths, and position of each. part of the
project must be noted as well as drawn to

- scale. This is a must, because the paper on

which drawings are made and reproduced
shrinks and stretches with changes in the
amount of moisture in the air. A large
drawing, accurately drawn to scale today,
may not be exactly the same size tomorrow.

~Also, a drawing of a large project (Fig. 16-

1) cannot be drawn full size.
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84 The World of Construction

The dimensions of a drawing’s parts must

‘be put down so they may be quickly and

accurately read from the drawings. If every
workman had to scale the size of every part
of the project he worked on, many mistakes
would be made, and much valuable time
would be lost.

Accuracy in dimensioning is very impor-
tant. All of the dimensions on a drawing
must add up. For example, all of the dimen-

sions of rooms inside a building, plus the
thickness of the outside walls and the walls
separating rooms, must add up to the dimen-
sions given for the outside width and length
of the structure. A mistake in any one
dimension might result in a part of the
project being mislocated.

Care =zlso must be taken to make sure that
dimensions shown on separate drawings
relate to one another. All of the dimensions

Fig. 16-1. This bridge is being built from working drawings.
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Fig. 16-2. This drawing shows details of a part of the bridge.

Fig. 16-3. This working drawing shows the front elevation and the top view of the bridge.
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86 The World of Construction

of a foundation plan might add up, and all
of the dimensions of the first floor plan
might add up. However, column dimensions
on the first floor plan might not be located so
they rest on top of the foundation dimen-
sions on the foundation floor plan, unless the
plans are carefully checked to make sure
that they do. .

Summary

Working drawings may be one of two
kinds. They may be either contract drawings
or shop drawings. Shop drawings are made
by construction contractors or their subcon-
tractors to guide their own work. Contract
drawings are made by the project designers
and their consultants. They spell out the
physical conditions the contractor must
provide when he builds a project. '

A basic set of working drawings may be
made up of seven kinds of drawings: (1)
site plan, (2) foundation plan, (3) floor

plans, (4) roof plan, (5) elevations, (6)

sections, and (7) details. In simple projects,
this one set of seven drawings is used to
show all of the physical details of the proj-
ect. In more complex projects, separate sets
of working drawings are made for the
architectural, civil, mechanical and. electri-

“cal, and structural features of the project.

In very complex projects, even more sets are
needed. '
Each of the drawings in a set of working

drawings must be accurately drawn to scale

and dimensioned. The outside (overall) di-
mensions must equal the sum of all the
dimensions in a straight line. Also, the
location of each part of the project on one
drawing must match the locations shown on
all the other drawings of the set.

Terms to Know

contract drawings - constructed

working drawings complex

shop drawings dimensions
oy ™
LUy -

'

civil drawings dimensioned
contractor accuracy
subcontractor

Think About It!

1. What types of working drawings will you
need to explain the layout and construc-
tion details -for a neighborhood play-
ground?

Typical Set Of
Working Drawings




Writing
- Specifications

Construction specifications are written
instructions to the builders about a project
to be constructed. They match and are used
along with working drawings. They are im-
portant because they give details and in-
structions about the construction job which
are easier to put into words than into draw-
ings. Also, when there is a difference be-
tween the drawings and the specifications,
the specifications are followed.

Specification Content and Uses
Specifications tell about the materials

and work needed for a construction project,

Fig. 17-1. They describe the work to be
done and give the limitations set by the
owner, such as job completion deadlines,
penalty clauses, payments, change of or-
. ders, and procedures. The kind and quality
of workmanship, fixtures, materials, and
equipment wanted are all written out in
specifications. They also give instructions
dealing with different parts of the project,

such as plumbing, electrical fixtures, and -

wiring. The materials to be used and the
finishes for these materials are also given
in specifications. v

General conditions of the project (such
as guidelines to be followed about perform-
ance standards, order and importance of job
performance, and the way the work is to be
done) are given in specifications. Special con-
ditions for very difficult work which need to
be pointed out and clearly defined also are
given. In short, specifications tell all about
a construction project in writing. Figure
17-2 lists several factors, individuals, and
groups that influence the specifications of
a construction project.

) ‘
o
NG READING 17
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Specifications are used by contractors to
estimate a bid on a job. After a bid has
been accepted, the specifications are used
as a part of the contract between an owner
and the contractor. They can be added to
the contract and become part of it when it
is signed by the owner or the contractor.

Sometimes a book of written contract
documents, referred to as the specifications,
is divided into four kinds of -documents.
These include: (1) bidding requirements,

- Fig. 17-1. Specifications are prepared by ﬁen who

have knowledge about construction
materials, costs, and building codes. -
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Principal Contributors To Specifications
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Fig. 17-3. The general conditions which relate to a
project, such as those above, commonly are
written and attached to the specifications.

Writing Specifications 89

(2) contract forms, (3) general conditions
Fig. 17-3, and (4) specifications. This as-

. signment is mainly about specifications. The

other documents will be studied later.

Kinds of Specifications

There are four major kinds of specifica-
tions. These are: (1) outline specifications,
(2) standards specifications, (3) guide
specifications, and (4) project specifications.
Outline specifications are made up when the
design phase of a project begins and pre-
liminary drawings are made. These speci-
fications give only an outline (the main
facts) about materials to be used and how
they are to be used for the job.

Standards specifications are those which
are made up by different companies about
the use of their own materials. These are
usually standard or the same for each ma-

- terial used. If a company specification is

used for a certain product, it may also have
an “or equal” term tagged on the end. See
items “ and “D”, Fig. 17-4. This means

Fig. 17-4. Shown here is @ typical mctenols
specification for one feature of the work

. to be done.

.
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90 The World of Construction

that another company’s material of the
same kind and quality may be used if writ-
ten permission is given by the architect or
owner. The American Society of Testing
Materials has standard specifications for
many materials. In addition, Sweets Catalog
gives many specifications for many kinds of
work and materials.

Guide specifications are a kind of check
list which can be used for writing specifi-
cations. They tell about things which may
be needed for a job. Guide specifications are
put together in order and have blanks
which a specification writer can fill in to
show the specifications he needs for a job.
They act as a guide for writing project
specifications and help a specification writer
organize the specifications in the right order.

Project specifications are usually made

up of outline specifications, standards spec- .

ifications, and guide specifications. They are
the finished specifications which have been
made for one special construction project.

When Specifications Are Made

Specifications cannot be made until most
of the decisions about materials and equip-
ment have been made. However, because of
time limits and deadlines, specifications are
usually started as soon as the preliminary
drawings are done. Work which is not likely
to be changed later is started at this time.
Examples of specifications which can be done
early are those for general conditions of the
project, earthwork, and concrete work. As
more drawings are made, the specification
writer continues identifying and preparing
complete specifications. By working along
with the drawings in this way, specifications
can be finished soon after final drawings are
done.

Specification Writers

In a small office, the man who makes the
working drawings may also make the spec-

ifications. However, in larger firms, there
may be one or more people whose only job
is to write specifications and to keep a
specification file up to date. A specification
writer must have knowledge and experience.
He must know about construction practices
and materials. He must know the newest
materials and ways of using them, Fig. 17-5.
He also needs to know where to go for in-
formation and facts he doesn’t know. He
must be able to find state, county, village,
and city building codes or ordinances so his
specifications will agree with them. Infor-
mation from trained men in the construction
industry and standard specifications is help-
ful to a specification writer. He must know
where to get this information. With experi-
ence, a specification writer is able to write
specifications correctly, to do them without
wasting time, and to organize them well.

How Specifications Are Made

There are at least four ways to make
specifications. First, a specification writer
may get a set of old specifications written
for a job much like the one he is working
on now. He can write it over, adding or

~ taking away anything needed or not needed

for this project.

Fig. 17-5. The specifications writer must kéep up with
new materials and their uses.
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Bidding Requirements

Invitation to Bid
Instruction to Bidders
Form of Bid Proposal
Contract Forms
General Conditions
Supplementary General Conditions
Special Conditions
Specifications
Division 1—General Requirements
0170 Alternates
Division 2—Site Work
0211 Demolition
0221 Site Grading
0222 Excavation and Backfilling
0274 Irrigation System.
0281 Soil Preparation
0282 Lawns
0284 Trees and Shrubs
Division 3—Concrete
0310 Concrete Formwork
0320 Concrete Reinforcement
0331 Heavyweight Aggregate Concrete
0341 Precast Concrete Panels
Division 4—Masonry
0410 Mortar
0422 Concrete Unit Masonry
Division 5—Metals
0661 Metal Stairs
0570 Ornamental Metals
Division 6—Carpentry
0621 Wood Trim
0622 Millwork
Division 7—Moisture Proteciion
0711 Membrane Waterproofing
0751 Built-up Bituminous Roofing
0762 Metal Roof Flashing and Trim
0790 Calking and Sealants
Division 8—Doors, Windows, and Glass
0812 Aluminum Doors and Frames
0820 Wood Doors
0839 Revolving Doors
0852 Aluminum Windows
0860 Wood Windows

0870 Finish Hardware
0885 Glass and Glazing
Division 9—Finishes
0918 Gypsum Lath
0915 Plastering Accessories
0916 Plaster .
0926 Gypsum Drywall System
0927 Gypsum Drywall Finishing
0931 Ceramic Tile
0941 Cast-in-place Terrazzo
0957 Wood Parquet Flooring
0965 Resilient Flooring
0990 Painting
0995 Wall Covering
Division 10—Specialties
1018 Chutes
Division 11—Equipment
1182 Audio-Visual Aids
1197 Stage Equipment
Division 12—Furnishings
1240 Carpets and Mats
1250 Drapery and Curtains
Division 13—Special Construction
1385 Swimming Pool
Division 14—Conveying Systems
1420 Elevators

Division 15—Mechanical

1510 Basic Materials and Methods

1621 Water Supply Piping

1622 Domestic Hot Water System

15626 Soil and Waste Piping

15629 Roof Drainage System

15680 Plumbing Fixtures and Trim

15680 Air-Tempering System

1690 Refrigeration

16956 HVC Controls and Instruments
Division 16—Electrical

1610 Basic Materials and Methods

1630 Electrical Distribution System

1640 Lighting Fixtures

1661 Telephone Equipment

1671 Motors and Motor Controls

1695 Lightning Protection System

Fig. 17-6. The Construction Specifications Institute outline for specificotions.
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92 The World of Construction

Second, if he does not have a set of old
specifications much like the job he is working
on, a specification writer may gather to-
gether several sets of specifications. Then
he may use the cut and clip procedure. To
do this, he cuts out the sections of the
specifications which he needs for this job.
Then he clips them to a page and puts in
additions where they are needed. By doing
this, he is able to build up a new set of
specifications without writing all parts from
the beginning.

Third, a specifications writer may write
specifications by the paragraph procedure.
To do this, he uses a specifications file. This
file has file cards in it. Each file card has a -
single statement paragr.ph on it. The writer
gets all the cards needed for the specifica-
tions he is working on, puts them in order,
and makes up a set of new specifications
from the cards.

Fourth, guide specifications can be used.
These are forms which are organized in
order and have blanks for filling in needed
information. The specification writer fills in
the blanks he needs to make a set of spec-
ifications.

Specification Format

Specifications are set up and written in
the same order that the job is to be done.
The sections are kept in order, and every-
thing about one part of the job is kept to-
gether. For example, everything about
earthwork is put together. Everything about
plumbing is in one section, and so on, until
the whole job is described. Writing speci-
fications in this way makes it easier for a
contractor to estimate a job and to decide
who is going to do each part of a job. A
sample set of specification sections and
divisions is shown in Fig. 17-6. These have
become widely used in the construction in-
dustry.

Specifications are usually written on 814"
by 117 paper. This makes them easy to

. o

e
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work with. The title page comes first. The
title page includes: (1) the title of the speci-
fication, (2) the kind of work the specifi-
cations are for, (3) where the work is to
take place, (4) the name and address of the
owner, (5) the name and address of the
architect, (6) the date, and (7) the job
number. Next, there is usually a table of
contents. The specifications follow this. Spec-
ification information is usually titled, num-
bered by sections, and written in paragraph
form. See Fig. 17-4.

Writing Specifications




Summary

Construction specifications are written in-
structions to the builder about a project to
be constructed. They tell about the materials
and work needed for a construction project.
They are used by contractors to estimate and
bid for a job, and they become part of a con-
. tract after a bid has been accepted.

There are four parts to specifications.
While drawings for a project are being
made, specifications are started. By working
along with the drawings, specifications can
be finished soon after final drawings are
done.

Specification writers need both knowledge
and experience. They write specifications in
four ways. These are: (1) getting an old
set of specifications and working it over for
the new job, (2) using several sets of spec-
ifications and cutting and clipping them to
get one new set, (8) writing them by the
paragraph procedure which: requires the use
of a specification file, and (4) using guide
specifications.

Specifications are written in sections in the
same order that the job is to be done. This
makes it easier for a contractor to estimate

Writing Specifications 93

a job and to decide who is going to do what

job.

Terms to Know

construction

specifications

a. outline
specifications

b. standards
specifications

¢. guide
specifications

d. project
specifications

Think About It!

fabrication
liability

allotted

an estimate

a bid

“or equal”’
specifications file
building codes
ordinance

format

1. You have been selected as the contractor
to build a playground. What are some of
the specifications you would need, in

writing, about:’

a. General conditions

b. General requirements
2. What could you do if some of the spec-
ified materials could not be purchased in

your area?




The previous reading assignments have
discussed six steps of the designing process
as they would be applied to different types
of problems of the construction industry.
These suggested steps are not rigid steps
that must be followed in every detail to

_arrive at a completed plan of action, but

they should serve as a general guide for the

designer. He must consider each of the steps

of the design process as presented, but he
may change the order of the steps. Usually,
a better design will result from an organ-
ized approach rather than from an unor-
ganized effort.

Steps in the Design Process

The design process is composed of six
steps: (1) problem identification, (2) pre-
liminary ideas, (8) refinement (improve-
ment), (4) analysis, (5) decision, and (6)
implementation (use).

The first step in the designing process is
problem identification. Someone must see
the need for a problem’s solution. In the
construction industry, this is usually a pri-
vate investor, a public agency, or a business
corporation. For example, the Ajax Corpo-
ration may wish to build a manufacturing
plant in a certain area of the state. They
may see the need for the plant to increase
their present production, or to'enter a com-
pletely new field of manufacturing for a new
product. Once they have seen this need and
have agreed to begin with the project, they
will hire an architect or engineer to set up
a working plan from which the new plant
could be constructed. At this point, the per-
son in charge of the project becomes the
designer; however, his design must follow
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the general requirements and desires of the
corporation for whom the plant is being
built.

The designer is unable to find a solution to
the problem until he fully understands the
problem and its requirements. During the
identification phase, the designer will gather
the following information: (1) the desires
of the client (the corporation), (2) the
needs of the plant, (3) the facilities re-
quired, and (4) the building regulations at
the site, to name a few. The designer must
also consider: (1) future expansion, (2)
availability of resources, (3) power, (4)
utilities, () labor, and (6) costs. An eval-
uation of this information can be used to
help him understand the problems that he
must solve with his design.

Step two in the design process is the
development of preliminary (beginning)
ideas. These first ideas are thought up in
great numbers to provide a wide variety of
solutions to the design problem. These ideas
usually are recorded as freehand sketches
and notes to be used as a guide for further
study. All ideas cre collected for review,
whether or not they seem to be practical.
Sometimes nnusual ic'eas, when applied to a
new situation, will give a new solution to a
problem.

To refine (improve) these beginning ideas,
scale drawings are made of several of the
better ones (step three of the design
process). Exact information, such as sizes,
shapes, lengths, and angles, is necessary
before the design can be analyzed in the
next step of the designing process. Refine-
ment is the improvement of a beginning
idea into a more detailed form. Several ideas
should be refined, rather than only one idea
selected early in the process.
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During step four, each of the refined ideas
is analyzed in these areas:
1. Selection of structural materials of
the necessary strength,
2. Analysis of the site to decide upon the
best possible layout, and

The Completé Design Process

Problem ldentification
Recognize need

Gather data
Evaluate data

!

Preliminary ldeas

Develop ideas
Make sketches
Write ideas
Record thoughts

!

Refinement (Improvement)
‘Select better beginning ideas
Make scale drawings
Determine lengths, sizes,
shapes, angles

{

Analysis
Structural analysis
Site analysis
Functional analysis
Cost analysis

!

Decision
Prepare graphs, charts,
diagrams, schematics
Presentation to the group
Decisfon — acceptance or

rejection

!

Implementation (Use)

Preparation of working
drawings & specifications
construction of the project
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3. Deciding as to whether or not the idea
is efficient by analyzing the functions
of important areas.

When the design process has reached this
point, the most desirable design must be
selected for construction (step five—deci-
gion). In the case of the corporation, the
officers and directors of the company will be
responsible for this decision. The designer
must present the background of his design
and the process by which he approached its
solution. :

After it is decided which design is to be
constructed, the designer will prepare plans
and specifications that will explain the de-
tails of construction to the builders. The
process of preparing these plans and speci-
fications and the construction of the project
are called implementation. (This is the last
step of the design process.)

The designer often closely watches the
construction of the project in order to make
changes in the plans as the need arises. It
is very difficult to prepare plans that will
cover every detail completely. Therefore, the
builders must help in suggesting ways to
improve weaknesses in the details of the
plans. On a large project, to a limited extent,
the contractor, technicians, and craftsmen
participate in the designing process.

Plans, working drawings, and specifica-
tions are prepared in the last step of the
design process before construction begins.
This area is closely related to the field of
drafting. The engineers and architects de-
velop construction details that are drawn by
draftsmen in standard form. These details
will be blueprinted and given to the builders
and contractors who will construct various
parts of the project.

Changes in the Design Cycle

The design process is outlined as a set of
six steps that are usually followed in arriv-
ing at a design solution. This does not mean
that a single idea should be taken through
each of the six steps one at a time. Instead,
a number of ideas should be developed be-

-
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fore an attempt is made to develop a final
solution. Several ideas should be refined and
analyzed to give other solutions. As ideas
are carried through the steps of the design
process, reasons may be found for turning
them down. For example, a solution may be
found to be too expensive, not strong enough,

or too small. In this case, the designer will

return to another idea or, perhaps, return
to the first step of the design process and
develop other solutions that will be carried
through the steps of the designing process
again. This cycle could be changed at the
decision step if the client (person hiring the

Changes In The Design Cycle

Problem Identification ﬁ

'

Preliminary Ideas

|

Refinement
- (Improvement)

1=
|
e

Decision

Implementation
(Use)

designer) disagrees with the designer’s
solution.

Summary

The designing process is the step-by-step
approach used by a designer to find a solu-
tion for a. problem. A recognized series of
steps is used for all constructicn projects
(an athletic stadium, highway, or any other
structure). This cycle can stop at any step,
and the designer may go back to a previous
step and develop new ideas. A designer does
not design by chance, but through a system-
atic approach. The end result of the de-
signing process should be a constructed
project which best meets the original needs
of the project. Since changes in the master
plan may need to be improved during con-
struction, the designing process does not
end until the project has been completed.
Without careful planning and designing, a
completed project might turn out to be un-
satisfactory.

Terms to Know
architect

design cycle
organize engineer
construct client

scale drawings

Think About It!

1. Suppose you are asked to design the stage
sets for a school play. What questions
might you ask to help identify the design
problem?
2. After you sketch and note many prelimi-
nary ideas, you will refine some of them.
a. What dimens.ons will you need before
you start Grawing to scale? (Think of
the curtains, the ways of entering and
leaving the stage, and all the other size
limits.)

b. Why will you need to know what the
actors do on the stage?




Selectinga Builder

Let us now suppose that the design is
completed. The next decisizn the owner must
make is who will do the construction work?
In general, the owner has three choices:

1. He might do the work himself.

2. He might select a construction con-

sultant who is also a builder.

8. He might choose a construction con-

tractor.

The owner does not often build a project
by himself. This is only done if the job is
very small, if the owner and his employees
have the necessary skills to do the work, or
if the owner has enough construction jobs
to keep a complete construction crew of his
own busy at all times, Fig. 19-1.

Sometimes a construction consultant both
designs and builds a project. The consultant
who does this is often called an architect-
engineer-constructor. The job itself is some-

Fig. 19-1. lorge companies such as railroods employ
their own orchitects, engineers, and
construction crews,

19

times referred to as a “turnkey” job, be-
cause one company prepares the plans and
constructs the project, and then turns the
key over to the owner. The advantage of this
method is that only one organization, the
architect-engineer-building company, is re-
sponsible for seeing that everything is done.
The disadvantage is that this may be an
expensive way to get a project built, for
very often there is little competition.

Commonly, a construction project is built
by a contractor who has competed with
others for the job. The owner chooses the
contractor by comparing what several con-
tractors say it would cost them to do the
job. The owner makes the contract with the
one who has said he can do the job correctly
for the least amount of money. The contract
is an agreement between the owner and the
contractor as to how much the owner will
pay to have that contractor build the project,
Fig. 19-2.

Fig. 19-2. This contracting company probably wos
awarded this job contract after submitting

the lowest bid.
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98 The World of Construction

Kinds of Contracts

In the construction business, there are
four general kinds of contracts: (1) fixed
price, (2) cost plus a iixed fee, (3) cost plus
a percentage of cost, and (4) incentive.

Fig. 19-3. A contractor must consider the cost of any
new equipment needed 1o do the job.

Fig. 19-4. Contractors consider the cost of all the
motarials in moking o bid estimate.

In the fized price contract, the contractor
agrees to do all the building according to
the owner’s plans and specifications for a
set sum of money which is to be paid by the
owner. Sometimes, especially for buildings,
this amount is stated as a single lump sum.
For example, Bill Smith, a painting con-
tractor, might agree to paint John Jones’s
house for $600. The $600 is called a single
lump sum (fixed price).

The unit price contract is a different kind
of fixed price contract. The unit price con-
tract is often used for any project which
uses heavy construction equipment. For ex-
ample, if there is to be excavating and pav-
ing for a project, there might be one price
for the excavation and one price for the
paving. The price might look like this:

103,000 cubic yards of
common excavation at
30 cents per cubic

yard $30,900
12,700 square yards of
asphalt pavement at
$5.00 per square
yard 63,600
Total $94,400

The contract itself would have an estimated
quantity of cubic yards or square yards.
Payment would be made on the actual quan-
tity. If, on the above project, only 100,000
cubic yards were actually excavated, the
contractor would receive 100,000 x 30 cents
or $30,000.

In the cost-plus-a-fired fee {(CPFF) con-
tract, the owner agrees to pay the contractor
whatever it costs to do the job (materials,

" use of equipment, and labor) plus a fixed

sum. (See Figs. 193 and 19-4). For ex-
ample, the ABC Construction Company
might agree to build a plastics factory for
what it costs them to build it, plus a fee of
$100,000. This fee of $100,000 is to cover
ABC’s overhead (such as the cost of its
home office) and profit.

The CPFF contract is used in many cases.
It is most often used when large industrial
plants are to be built and whenever the work




must begin before plans and specifications
are completed.

Some owners find that CPFF is a very
good way to get their projects built. Other
owners feel that the contractor has too little
reason to be economical or efficient because
the owner pays the cost no matter what it is.
Also, the expenses involved in bookkeeping
and accounting for a CPFF contract are
very high. Some contractors like CPFF be-
cause they believe that the fee gives them a
good profit without much risk. Others like to
take the risk involved in a fixed price con-
tract because they think their efficiency will
help them make a greater profit than they
would get from the fee of a CPFF.

The cost-plus-a-percentage-of-cost contract
(CPPC) is one in which the contractor is
paid a flat percentage of his cost. for ex-
ample, he may be given a contract to build
a plastics factory for the amount of what-
ever it will cost him ($1,600,000) plus an
8% fee ($1,600,00¢ x .08 or $120,000). This
kind of contract is rarely used. In fact, on
most public work the CPPC contract is
illegal. This is because a poor contractor
(one who is not economical or cfficient) will
receive higher fees than an efficient one.

In the incentive contract, a target esti-
mate is made. If the contractor should do
the job for less than the estimated cost, he
gets to keep a part of the saving. If it should
cost more than the estimated amount, his fee
is reduced. Thus, the contractor has a good
reason (incentive) to keep the cost down.

Suppose the owner and contractor agree
that the plastics factory should cost $1,600,-
000 and the contractor will get a fee of
$120,000 for building it. They might also
agree that if the factory actually costs
$1,300,000, the contractor would get half of
whatever he saved plus his regular fee of
$120,000, a total of $220,000. The contract
might further state that if it should cost
$1,700,000, the contractor's fee would be re-
duced to $50,000. Use of the incentive con-
tract is usually limited to work that costs
more than $1,000,000.
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Advertised and Negotiated Contracts

Most public contracts and many private
contracts are advertised. That is, the owner
places notices in newspapers, magazines,
and with contractors’ associations asking
contractors to send in their bids (the

. amount for which each couid do the job),

Figs. 19-5 and 19-6. Public contracts are
usually advertised because it is thought fair
to give every qualified contractor the chance
to bid, since they are also taxpayers. Private
contracts are sometimes advertised because
the competition created by advertising
usually results in the lowest cost for the
project.

Any contractor who can convince the
owner that he is able to build the project is
usually eligible to bid. Advertised contracts
are generally fixed price contracts. Because
the various contractors are bidding against
one another, each contractor is encouraged
to turn in his lowest possible bid. This tends
to lower the price that the owner has to pay.

Negotiated contracts are any contracts in

- which the owner and the contractor talk

together to reach an agreement on the terms
of the contract. The price is always one of
the texms. Sometimes the owner compares

ADVERTISEMENT FOR BIDS

Legal Notice

SEALED PROPOSALS WILL BE RECEIVED at the Office
of the Secretary of the Board of Education of the City of
Chicago, up to the hour of 12 NOON of MONDAY, MARCH
11, 1971, for the following school work:

SUNDRY SCHOOLS — General Work ir connection with

ALTERATIONS and IMPROVEMENTS.

Plans and specifications may be obtained at the Board
of Education, Bureau of Architecture, Room 564, 228
North LaSalle Street, Chicago, lllinois 60601.

SAUL SAMUELS, Director Bureau of Architecture
EDWIN A, LEDERER, Associate Superintendent in
Charge of Operation Services
February 23, 1971
DCN, Feb. 23, 1971 — 172

Fig. 19-5. Public contracts often are advertised in
newspapers.
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prices by trying to negotiate with more than
one contractor.

Negotiated contracts are useful in certain
circumstances. For example, the owner
might want to limit the bidders to those con-
tractors he is sure are qualified for the
specific project he needs to have built. If
only four contractors were known to have
had experience in building a certain kind of
industrial plant, the owner might decide
to limit bidding to those four. Negotiated
contracts might also be used if it were im-
portant to save time and to begin the work
before plans and specifications were com-
pleted. By their very nature, some kinds of

genoral o=z
building —SSGE===

low bidders, contract awards

CHGO 23 #472 199B
1ST REPT 2.9-68

ADMINISTRATION BUILDING (INT ALTS) — $45,000

AURORA ILL (KANE CO) 152 GLENWOOD PL

G C-PLBG-HTG-VENTG-AIR CONDTG & ELEC AWARDED:-
START WORK SOON

OWNER-BD OF EDU-WEST SIDE SCHOOLS-DIST #129-
HAROLD G FEARN (SUPT) 152 GLENWOOD PL.

- AURORA ILL

ARCHT-BERGER-KELLEY.UNTEED & SCAAGS-501 W UN!-
VERSITY-CHAMPAIGN ILL & 1612 W NORTHWEST
HWY.ARLINGTON HEIGHTS ILL

ENGR (PLBG-HTG-VENTG-AIR CONDTG-ELEC) — BELING
ENGRG-807Y; S NEIL AVE-CHAMPAIGN ILL
INCLS MINOR PLBG WK-AIR CONDTG-HTG & ELEC
CHANGES-CARPT WK - ACOUST TILE - VINYL ASB
TILE-CARPETING & PTG WK

G C INCLS ALL TRADES EXCEPT PLBK-HTG-VENTG-AIR
CONDTG & ELEC

G C - BANKS & WEGMAN-755 N OHIO-AURORA ILL
PLBG-HTG-VENTG & AIR CONDTG-R J O'NEIL INC-
900 S UNION-AURORA ILL

ELEC-GLENN PIERCE ELEC INC-311 ASHLAND AVE. AU-

RORA ILL
CHGO 27 #472 880

CAR WASH-$15,000

CHICAGO ILL (COOK CO) 2717 E 95TH ST

PERMIT GRANTED-WORK TO BEGIN AT ONCE

OWNE{}: JM V CORP-11435 S WENTWORTH-CHICAGO

ARCHT-WM CONVEY-20 E MAIN ST-GLENWOOD ILL
MAS EXT WALLS-1 STY-NO BASMT-28x105 FT DIMS

OWNER AWDS SEP CONTS

Fig. 19-6. Contract awards commonly are listed in
special reporis or in trade publications.
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contracts, like CPFF, CPPC, and incentive
require some negotiation.

Others Who Help to Build the Project

So far, we have considered that the job is
to be done by the contractor’s company.
Actually, few contractors do all the work
with their own employees. Contractors are
usually general contractors. They are called
general, because they are the ones who have
the overall or general contract with the
owner.

The general contractor subcontracts parts
of the job to specialists, Fig. 19-7. For ex-
ample, The Smith Construction Company, a
general contractor who is to build a house,
might subcontract all of the plumbing work
to the Jones Plumbing Company. The agree-
ment between the Smith Company and the
Jones Company is called a subcontract. It
would be the same if the Smith Company
would decide to buy their lumber from a
particular lumberyard. This lumberyard
would be called the supplier and the contract

Fig. 19-7. The superstructure on this bridge is being
set up by a subcontractor. Other
subcontractors may set the foundations, install
utilities, and do the painting.
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between the two companiés would be called
a supply contract. '

Summary

The usual way for an owner to get his
project built is to hire a general contractor.
The agreement between the owner and the
contractor may be one of four kinds of con-
tracts: fixed price, CPFF, CPPC, or incen-
tive. The owner may advertise or negotiate
for the project. The general contractor may
subcontract parts of the job to specialists
and must nearly always buy materials for
the project from a supplier. In the next
three lessons on contracting, we shall as-
sume that the owner has already had the
plans drawn by a construction consultant.

It also will be assumed that a fixed price

contract has been awarded to a general
contractor.

Selecting A Builder
I

' ]
Advertising for o
competitive bid Negotiating

| == |

Cost plusa Fixed price
percentage
of cost Cost plus a
fixed fee
Incentive

Subcontractors

Craftsm.en

e

Selecting a

Terms to Know
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construction consultant incentive contract

“turnkey” job

single lump sum

overhead

submit a bid

fixed price contract

unit price contract

cost-plus-fixed-fee
contract

cost-plus-a-percentage-
of-cost contract

Think About It!

1. The owner of a building site usually does
not buy all the materials, rent equip-
ment, and hire workers to put up a
structure. .
a. Why do most landowners hire a gen-
eral contractor for a construction

e

. project?

awarded
a target estimate
advertised
competition
negotiated
contracts
general contractors
subcontractors
supply contract
supplier

b. Why does a general contractor often
hire subcontractors? ' '
Match each kind of contract with- the
way the contractor is paid:

a.

Payment

He is paid what
the job costs him,
plus a profit that
is decided in ad-
vance. ,
He is paid what
the job costs him,
plus a profit that
goes up as his
costs go up.

His payment is de-
cided in advance,
and is not changed.
He estimates the
cost in advance.
If he does.the job
for less, his fee
goes up. If the job
costs more than
his estimate, his
fee goes down.

¢

Kind of Contract
1. Fixzed price
2. Cost plus fixed
fee ,
3. Cost plus per-
centage of cost
"4, Incentive




Let us now assume that the plans and
specifications are completed. The owner has
decided to select a contractor to build the
project by advertising for bids and then
awarding a fixed price or unit price contract.
We shall now outline the steps which are
followed between completion of the plans
and the actual start of work. Although
different owners have different methods of
bidding and awarding contracts, the proce-
dure outlined below is typical of a fair
and honest way to select a construction
contractor.

Advertising

The first step in selecting a construction
contractor is to notify all bidders who
might be interested in the fact that bids

Fig. 20-1. Most of the construction projects atound
us were built by contractors who bid for
the contract to do the work.
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Contracting

will be received. This is done by an invita-
tion to bid, a short notice which states: (1)
the type of work, (2) the location, (3) the
time and place of the bid opening, and (4)
where and how plans and specifications are
to be made available.

The invitation to bid is mailed by the
owner or the architect-engineer (who repre-
sents the owner) to contractors who might
be interested. Sometimes the invitation to
bid is actually advertised in newspapers and
magazines, Fig. 20-2. It is sent to contrac-
tors’ associations, such as local chapters of
the Associated General Contractors of Amer-
jca. There are also companies, such as the
F. W. Dodge Corporation, which publish
reports of jobs being bid. On public work,
especially, great effort is made to notify all
possible bidders.

Qualifications of Contractors

The owner or his architect-engineer
always satisfies himself about the contrac-
tor's ability (experience, financial resources,
integrity, personnel, and equipment) to do
the job. Sometimes this ability is determined
before bidding, and only those contractors
who are considered capable of doing the job
are invited or permitted to bid. This is
called prequalification since the contractor
must qualify before bidding. In other cases,
such as on much federal government work,
anyone may bid, and the qualifications of
the low bidder are determined after the bids
are opened but before the contract is
awarded (given) to the contractor.
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bidders column

Call 467-7139 in case of error or omission. Two
days are required for listing.

February 23, 1971

(A) Church (B) Rectory (C) Parochial Grade School (addn
& alts), Summit, I1l., (a & b) 75th St. & 72nd Ct. (c) 5641
73rd Ave. (ATB on GC & mech| trades) due Feb. 23 at 4
p.m. for St. Joseph Parish. (A) Stade, Dolan, Emrick &
Assocs., 819 Busse Hwy., Park Ridge, II.. 459 897

Peter Hansen & Sons Inc., 9505 S. Prospect. (HI 5-0300)

Talsma Bldrs., 12642 S. Springfield, Alsip. (597-0500)

George Kohler & Sons Inc., 2355 E. Oakton, Arlington
Heights. (430.3910)

R. Rudnick Co. Inc., 3957 N. Ashland Ave. (935-5007)

Geraghty Trainor Const. Co., 10200 S. Cicero Ave., Oak
Lawn. (499-0550)

Midway Const. Co., 1801 S. Busse, Mt. Prospect
(439-5100)

(A) Assembly Plant Bidg. 28 (B) Wheel Press Bidg. #10
(C) Paint & Grit Storage Bidg. 212 iD) Truck Assembly
Bidg. #9 (addn) (E) Stenciling Bidg. (addn) (F) Bidg. =7
alts), East Chicago, Ind., 151st & Railroad Ave. (ATB on

C) by invitation only, due Feb. 23 at 2 p.m, for Union
Tank Car. (A) Metz, Train, Olson & Youngren inc., 1 E
Wacker, Chicago. 468 376

Edward Gray Corp., 12233 S. Ave. 0. (BA 1-8400)

Campbell, Lowrie, Lautermilch Cotp., 6317 N. Broadway.
(338-0300)

J. L. Simmons Co. Inc., 506 S. Wabash. (WE 9-2355)

Morrison Const. Co., 1834 Summer, Hammond, Ind.
(219-WE 2-5036)

J. M. foster Co. Inc., 7500 W. 5th Ave., Gary, Ind.
(219-949-4020)

Fig. 20-2. Trade magazines may have special
columns in them to advertise projects on
which bids may be made.

Bidding Documents

When a contractor indicates to the archi-
tect-engineer his decision to bid, he is given
several documents. Among these are the in-
structions to each bidder. The instructions
tell the contractor how to submit his proposal
(proposal and bid are the same thing), how
the rules of the bidding will be conducted,
and how the award will be made. The con-
tractor also receives plans and specifications,
including the conditions of the contract into
which he will enter if he is awarded the job.
The contractor is also given blank forms

Contractivg 103

which are to be used (1) for bonds, (2) fora
questionnaire about his qualifications, and
(3) for submitting his proposal. All of the
bidding documents should be completed so
that the bidders may know all the details
they need for preparing bids. Subcontrac-
tors and suppliers also obtazin plans and
specifications so that they "may furnish
prices to the general contractors for their
own parts of the job.

The Bid Opening

How the contractor makes his estimate
and prepares his bid (Fig. 20-3) is described
in the next lesson. Accordingly, we shall
pass directly to the bid opening itself. The
bids are usually opened about 30 days after
the invitation te bid is issued or advertised.
This period, during which the contractors
prepare their bids, may vary from 10 to 90
days.

At the bid opening, each contractor sub-
mits his proposal. The proposal is a form,
usually supplied by the architect-engineer,
on which the contractor writes in the
amount for which he will build the project.
If it is a lump sum job, he would submit

Fig. 20-3. The contractor checks records from his
previous jobs to help make decisions about
new bids ond contracts.
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just one amount. For instance, he might
bid $326,700 to construct a certain school
building. On a unit price job, such as paving
a parking lot, the price schedule in the
proposal might look like this:

20,600 cubic yards of excavation

@ $0.60 $10,250
5,000 cubic yards of select fill
@ $2.00 10,000
3,000 square yards of asphalt
paving @ $5.00 15,000
Total $36,250

(Note: @ means each.)

In addition to the proposal, each contrac-
tor usually submits a deposit or bid bond.
The owner wants to be sure that the bidder
will enter into the contract at the price bid.
A bid bond is a guarantee on the part of a
bonding company (usually a large insur-
ance company) that the contractor will enter
into the contract. Bid bonds are often for
20% of the face value of the bid. If the
bidder accepts the contract, the bid bond
no longer serves a purpose. If the low
bidder refuses to take the contract, the
owner collects the difference between the
low bid and the next lowest bid, up to the
amount of the bid bond.

Other things which may be submitted by
the contractor at the bid opening, if re-
quired by the architect-engineer, are:

1. A list of the qualifications of the
contractor,

2. A list of subcontractors,

8. A list of construction equipment to be
used by the contractor to build the job,
or :

4. A list of makes and models of equip-
ment the contractor will install in the
structure.

So that all bidders may be treated fairly,
very strict rules on bid openings are care-
fully observed. One rule is that no bid may
be submitted or changed after the time set
for the bid opening. Bids must be submitted
in sealed envelopes, but changes made by
telegram are usually permitted before the

bid opening. In the case of public work,
each contractor’s proposal is read aloud at
the public opening. Anyone may attend the
bid opening, and may examine any contrac-
tor’s proposal, Fig. 20-4.

The Award

After the bids are opened, each bid is
carcfully examined by the owner or the
architect-engineer. The purpose of this ex-
amination is to determine the lowest re-
sponsive bid. A bid is responsive if it
matches in every detail the conditions set
forth in the bidding documents. To be re-
sponsive, a bid must be complete. Normally,
any exceptionns (changes) that the contrac-
tor plans in his bid make it not responsive.
Should the owner specify maple flooring
and the contractor says in his bid that
ins' .ad pine will be furnished, the bid is
not responsive to the owner’s requirement
that maple be furnished.

1f the contractors have not been pre-
qualified (gualified before the bids were
opened), the architect-engineer checks on
the qualifications of the lowest responsive
bidder. He finds out if the bidder has the
knowledge, the money, the honesty, the peo-
ple, and the equipment to do the job.

Fig. 20-4. The bid opening is a public meeting where
individual proposols are ovailable to be
examined.
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Information about a contractor can be
learned (1) from the bidder's statement of
qualifications, (2) from banks, (3) from
other . owners for whom the bidder has
worked, and (4) from other businessmen.

After identifying the lowest responsive
bid of a qualified contractor, the architect-
engineer suggests to the owner that an
award be made. Then the owner sends a
notice of award to the successful bidder.
Usually he sends along with the notice of
award, agreement forms and blank perform-
ance and payment bonds.

Bonds

A performance bond is one in which the
bon)ing company (an insurance or surety
company) guarantees that the contractor
will build the project according to the
owner's plans and specifications (that is,
that the contractor will perform the con-
tract). If the contractor does not fulfill his
duties under the contract, then the insurance
company itself will fulfil them. If this
should happen, the insurance company
would probably hire another contractor to
complete the work.

A payment bond is one in which the
bonding company guarantees that the con-
tractor will pay his subcontractors and
suppliers (and sometimes employees) for
any amount due them. If the contractor does
not pay a subcontractor for work satisfac-
torily performed, the bonding company must
make payment.

Performance and payment bonds give the
owner a considerable amount of protection,
and are generally required on most major
projects. The cost is rather small, about one
cent per dollar of the contract amount. It
is quite rare for a contractor not to fulfill
his obligations to the owner, his subcontrac-
tors, and his suppliers. Accordingly, bond-
ing companies do not often have to take
over the contractor’s job or the payment of
his bills. Needless to say, bonding com-
panies are very careful about which contrac-
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tors are given bonds. To obtain a bond a
contractor must have ability, financial re-
sources, and a good reputation.

The Agreement

The agreement is a brief statement of
the work to be done under the contract and
the price. It refers to the other parts of the
contract, the plans, specifications, instruc-
tions to bidders, general and special condi-
tions, and the bonds. It is signed by the
owner and the contractor.

Notice to Proceed

It usually takes from five to ten days for
the contractor to complete arrangements for
his payment and performance bonds. He then
signs the agreement and forwards the agree-
ment and the bonds to the owner. The owner
th.n signs the agreement and issues the
notice to proceed, which gives the contractor
permission to begin the work.

Fig. 20-5. The contractor is given the notice to
proceed on o huge building project.

1i3
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Contracting

Summary

This lesson has traced the steps for
selecting the construction contractor from
the advertising of the contract through the

b
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bidding to the awarding and signing of the
contract. The next assignment will cover
how the contractor prepares his estimate
of how much the project will cost and how
he makes up his bid or proposal.

Terms to Know

invitation to bid performance bond
prequalification payment bond
qualify bonding company
proposal (bid) notice of award
questionnaire agreement

bid bonds notice to proceed
responsive bid integrity

Think About It!

1. A contractor must prove he is able to do
a job, either before he bids or before he
is awarded the contract. What kinds of
information will show an owner or archi-
tect-engineer that a contractor is quali-
fied (has the ability) to do a construction
job?

2. A contract usually is awarded to the
contractor who submitted the lowest re-
sponsive bid.

a. What is a responsive bid?

b. What might happen if bids did not
have to be responsive? Give some
examples. )




Estimating and
Bidding

The last lesson covered the actions of the  When the contractor receives an invitation
owner and architect-engineer in the bidding to bid, he has to decide whether or not he
and the awarding of construction contracts. is interested in bidding the particular job.
In this lesson, we shall take a look at what If he is, he must then prepare his bid esti-
the contractor does to bid for a contract. mate (proposal) and submit it. Different
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Fig. 21-1. The contractor must visualize and think through the construction of the structure before arriving ot
a decision to bid.
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contractors prepare their bids in different
ways, but the procedure below shows one
typical process.

Fig. 21-2. When an estimate is prepored, a price is
figured for the moterial fo be used.

Fig. 21-3. The estimator must be able to read drowings
and understand specifications. He computes
the cost of material, labor, equipment, ond
overhead.

To Bid or Not to Bid

While deciding whether or not tc bid, some
of the questions .e contractor might ask
himself are: Is this the type of work I know
how to do? Do I kave a chance of being the
lowest bidder? Can I make a profit? Is the
job very risky? Do I want to work in the
area of the job site? Can 1 hire the employ-
ces? Do I have the money to carry a job of
this size? Do 1 have too much to do else-
where? Do I have or can I rent the equip-
ment? Is this job too small, too big, or just
the right size for me? What kind of an
owner and architect-engineer shall 1 be
working for? Will the bonding company give
me the necessary bonds? After carefully
thinking over the answers to these questions,
the contractor arrives at a decision either
to bid or not to bid, Fig. 21-1.

The Estimate

The contractor bases his bid on an es-
timate. An estimate is a careful calculation
of what the job will cost.

A small contractor may do his own es-
timating. Medium and large contractors hire
an estimator to do the estimating. The es-
timator must understand construction prac-
tices. The estimator must be able to read
drawings and understand specifications. (See
Figs. 21-2 and 21-3.) He must have a good
idea of the prices of materials, how much
work a craftsman can do in a day under
the conditions of the job, and what produc-
tion may be expected from equipment. To
estimate accurately, the estimator should be
able to visit the site.

The success or failure of a contractor
depends largely on the ability of the esti-
mator. If his estimates are too high, the
contractor will not be awarded any jobs. If
the estimates are too low, the jobs will not
make a profit. Since the contractor must
depend on the estimate being correct, the
chief estimator is a key man (and usually

" a highly paid one) in a construction firm.




Approximate (“shotgun’) estimates are
those made in the early stages of the design
of the project—before the plans have been
finished. In the case of buildings, they are
often made on a per square foot or per cubic
foot basis. For example, a man who wants a
house which is 30’ x50’ (1,600 square feet)
might be given as an early estimate, a price
of $15 per square foot, or $22,600 for the
construction of this house. Almost never are
approximate estimates used for bidding
purposes.

When an estimate is prepared as the basis
for a bid proposal, a price is figured for the
material, labor, and equipment which will be
used. To this is added overhead and profit.
Each of these five items will now be con-
sidered.

Material

The amount of material is determined by
what is called a takeoff from the plans.and
specifications. Takeoff is the counting of how
many times a certain item appears on the
plans. For instance, an estimator may count
20 windows on the plans. The specifications
will tell him that they are of a certain size
and kind. To get the cost of the windows
without installation, the estimator may do
several things:

1. He may get the price from a catalog.

2. He may call-his purchasing department.

3. He may call a company that sells win-
dows.

4. He may look up in his files what that
particular window cost the last time he
used it.

If the windows cost $25 each, delivered to
the job site, the to'al cost of windows will
be $256 x 20, or $500.

Labor

The estimator also figures the amount of
labor necessary to do each job in the proj-
ect, Fig. 21-4. In the case of the windows,
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the estimator would determine that it took
115 hours of carpenter time and 14 hour
of laborer time to set each window. The 114
hours and 1% hour are called labor produc-
tivity rates. Tables of labor prod-ctivity are
available o the estimator. He might buy
some of these tables, but more often he will
depend upon the experience of his own
company in how long it takes to set a win-
dow.

If the carpenter receiv2s $56 per hour and
the laborer $3, the cost of labor per window
will be 115 x $5 4+ 14 x $3 or $9 per window.
The 20 windows will cost $9 x 20 or $180
for installation only, not counting the win-
dows themselves. To this must be added
other costs for Social Security insurance,
Workmen’s Compensation (accident) insur-
ance, and ulem~loyment insurance.

Equipment

If a job involves equipment, the contrac-
tor determines the cost of the equipment
per hour. If he is renting the equipment,
this will be the hourly rental cost, plus the
cost of fuel and repairs. Rental costs also
include the transportation costs for moving
the equipment to the construction site and
back to the owner. .

Fig. 21-4. The estimator must figure the labor
requirements os well as the materials.
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If the contractor owns the equipment, he
will figure the hourly cost by adding the
depreciation cost (depreciation is the loss in
value from year to year), the investment
cost (how much interest he has to pay on
the amount of money he has borrowed to
buy the machine), plus taxes, insurance,
storage. and the cost of fuel and repairs.
This total is divided by the hours worked to
get an hourly cost of the equipment owned
by the contractor, Fig. 21-b.

Unit Prices

A contractor who has experience figuring
labor and machine productivity rates may
be able to combine labor and equipment
costs into a unit price. Use of these unit
prices speeds up estimating. Let us take the
case of a trenching machine. A certain
trenching machine costs $8 per hour, in-
cluding the cost of moving it to and from
the job. From information in his files, the
estimator knows that this trenching machine
will dig a trench 2’ wide, 4’ deep and 150’
long in one hour. The operator is paid $4
per hour. The cost for 150’ is therefore $12.
The cost for each foot is $12/150 or $0.08.
The 8 cents per foot is a unit price. When

Fig. 21-5. The cost of renting or purchasing special
equipment must be estimoted.

bt

3
}“l

the estimator sees 2,000’ of this trench on
the plans, he can then estimate that it will
cost 2,000 x $0.08, or $160.

Subcontract Work

As explained in a previous lesson, the
general contractor often hires a subcontrac-
tor te do some of the specialized work, Fig.
921.6. The subcontractor, in preparing his
estimate which he gives to the general con-
tractor, follows much the same procedure as
does the general contractor above in esti-
mating material, labor, and equipment costs.
To the sum of these three costs, the sub-
contractor adds his own percentage of over-
head and profit in the same manner as will
be described for the general contractor in
the next two sections. The subcontractor
then notifies the general contractor of the
total price for his part of the work. This
price is called a quotation, or sometimes

just a quote.

Fig. 21-6. The workers of speciclized subcontractors
may do only part of the total work on a
project.




Overhead

Overhead costs of the contractor are
those which pertain to the job as a whole and
are not related to any particular feature
like excavation or masonry, Fig 21-7. There
are two types of overhead: home office costs
and job overhead costs. Home office costs
include: (1) the salaries of executives and

PO WIS

Fg. 21-7. Ofice personnel, rent, utilities and other
overhead expenses are part of the estimate
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employees, (2) office rent, (3) telephone and
other utility expenses, (4) advertising and
(6) travel. Job overhead costs include: (1)
the salaries of the superintendent and em-
ployees at the site (other than craftsmen
engaged directly in the work), (2) surveys,
(3) office space, (4) testing, (5) barricades,
(6) insurance, (7) storage, (8) building per-
mits, and the like.

Profit

The contractor is in business to make a
profit on the capital or money he has in-
vested in the business. The profit is the
difference between the amount of money the
contractor receives from the owner and the
amount of money the contractor spends to
do the job. Some of the factors considered
in selecting a percentage of profit are: (1)
the size of the job, (2) the risks involved,
and (3) the eagerness of the contractor to
get the job.

Profit is usuaily a management rather
than an estimating decision as will be ex-
plained under the Bid Proposal. Profit is
usually expressed as a percentage and is
sometimes called a markup. For instance, if
the total of material, labor, equipment, sub-
contract, and overhead costs is $1,000,000,
and the contractor decides he should earn
a 7% profit, he would add 7% of $1,000,000
or $70,000. His bid would then be $1,070,000.

The Summary Sheet and Bid Proposals

The estimator figures the cost of material,
labor, equipment, and subcontract work for
each part of the job. Then he puts together
all items in a summary or recap sheet, an
example of which is shown in Table 21-1.

The estimator’s best estimate cf the cost
of the work must be carefully prepared. The
bid proposal, which is based on the estimate,
is a decision of management even though
the estimator is consulted. Management may
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decide to increase or reduce the percentage
of profit for many reasons:

1. Its expected competition from other
contractors,

2. Its desire to be low bidder,

3. Its estimate of risk,

4. Its ability to secure better prices by
making deals with major suppliers, sub-
contractors, and equipment companies,
and

5. Its finding of a more economical way of
doing the job.

In these cases, management may change the
estimate of materials, labor, equipment, or
subcontracting, and sometimes even over-
head. After careful consideration of all these
factors, management makes a final decision
as to what price goes into the bid proposal.

Summary

Estimators prepare bid proposals. These
bid proposals are based on estimates of the

Table 21.1

J & J Construction Company
Summary Sheet — Bid Estimate

T T

R N
Clearin
Excavation, borrow and compaction
Concrete and forms

Gymnasium — Camp Swampy

Masonry
Carpentry and millwork
Steel
Roofing and flashing
Insulation 3
Lath, plaster and interior partitions 3
Wood flooring 20
Tile flooring 5
Painting
Hardware 19/800 2]100§
Glass and glazing 14/700 14{700
Electrical 981300 98300
Plumbing, heating and air conditioning 212|000 212/000
Parking lot 231400 23(400
Cleanup 4/200] 500 41800
254|700 |1169(3 9700 613|700 1/0471400
Taxes and insurance 10{360 || 23|800 200 241500 58{800
1/106]200
Overhead 79, 77(400
1/183|600
Profit 6.59, 77000
1{260{600
Bond 19 12{600
Total cost $1{273]200
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cost of materials, labor, equipment, overhead,
and profit. These estimates are always care-
fully checked. The success or failure of a
contractor depends very much upon the abil-
ity of the estimator.

Terms to Know

an estimate " investment cost
field experience unit price
installation quotation
takeoff overhead

labor productivity rate profit
depreciation cost

Think About It!

1. In preparing a bid for a construction
project, where does a contractor or his
estimator get the following kinds of in-
formation?

a. Sizes and kinds of materials needed
b. Labor costs

c¢. Equipment costs

d. Overhead costs

2. What might cause a contractor to raise
or lower the profit that is included in his
bid?




As soon as the contractor receives the
notice of award, he prepares a schedule for
the work, Fig. 22-1. Most owners and archi-
tect-engineers see to it that the centract in-
cludes a statement that a work schedule will
be furnished by the contractor within a few
days after his receiving the notice to proceed.

To prepare a schedule, the contractor
makes a detailed study of the best way to
use his men, machinery, materials, and
money. The contractor must decide what
work he will do with his own men, what
parts of the job he will subcontract, and
who the subcontractors will be. He also
must decide where he will get needed manu-
factured items and material supplies, what
craftsmen and equipment will be needed on
the project, and hew much money he must

Fig. 22-1. This contractor is making a schedule.
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Scheduling

get together to do the job.

Having made these decisions, the contrac-
tor goes on with the making of his schedule.
He continues to define or list each part of
the work and to estimate the time needed to
finish it.

Two methods for scheduling work are
commonly used by contractors. They are
the Bar Chart Procedure and the Critical
Path Method (CPM). These are both man-
agement tools used to get work done
efficiently. To show how one of these methods
is used, we shall set up a Bar Chart for a
simple construction job. '

Bar Chart Procedure

A contractor has the job of installing a

flagpole. The total amount of the contract is -

$1,000. The contractor plans to do the entire
job, except for the painting, with his own
employees. He will use transit-mix (already
mixed) concrete which will be delivered to
the job. The contractor lists divisions of the
work and estimates the cost and the per-

centage of each item in the total job, as
shown in Table 22-1.

Analyzing the Job

The contractor sizes up the work as
follows:

He knows that the pipe for the flagpole
should be put together and ready to erect
by the time the hole is completed. Also,
assembly of the flagpnle cannot begin until
the pipe is ordered and delivered. The first
step then must be getting the pipe. There

NI

EAD

P S S Y




o ey ey Y

et o o e o ST P g e S

is no point in finishing the hole until the
pipe is ready. If it rains, the sides of the
hole might cave in. After the hole is dug,
and the pole is put together, erection of the
pole may begin. After the pole is erected,
concrete may be placed. When the concrete
has been cured, painting may begin. Before
the painting begins, the painting subcontract
must be made.

Job Progression

Item, cost, and percentage of job are
placed on a bar chart such as the one shown
in Table 22-2. On the bar chart, the days
are listed across the top and the items of
work are listed down the left side.

The cross lines or bars indicate planned
or scheduled progress. Notice that the first
three days are left for the ordering of the
pipe. By the end of day 4, it is planned for
the pipe to be put together. If the hole has
been dug, it is planned that the flagpole -
should be ready to erect during day 5. Since
it takes two days to dig the hole, the hole
should be started by the beginning of day
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3. During the fifth day, the pole will be
erected and the concrete ordered from the
- ready-mixed concrete supplier so that the
concrete may be placed and cured during
days 6 and 7. If the painting subcontract

Table 22-1

Llst of Work to Be Done, Cost und 'I'Ime

$ 400 409 3days

Order and
deliver pipe
Assembie pipe

and fittings 100 10 1
Dig hole 100 10 2
Erect pole 200 20 1
Order concrete 1
Place and cure

concrete 100 10 2
Make painting

sttbcontract 3
Paint 100 10 1

Total $1,000 1009,

*Note: Times are not totaled, as some of the
items are done at the same time.

Table 22-2
T. & L. Cons:ruction Co.
Installation of Flagpole — Camp Swampy
Bar Chart

ltem Cost

Order and deliver pipe
Assemble pipe and fittings 100 10
Dig hole 100 10
Erect pole 200 20
Order concrete 0 0
Place and cure concrete 100 10
Award painting subcontract 00 0
Paint ' 100 10
Total $1000 1009,

Day Noon

%ofJob 1 2 3 4] 5 6 7 8
$ 400 100, R

Scheduled progress EEENEERGN

Actual progress
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has been awarded, painting should then be
done on day 8. Making a deal with the
painting subcontractor and his preparations
(buying paint, for example) takes 3 days.
This should be started at the beginning of
day 5 so that painting may begin the morn-
ing of day 8. At the end of day 8, the entire
job is completed.

The colored line in Table 22-2 represents
the work which has actually been completed

(called actual progress) at any particular
time. By looking at the chart, we can see
that the contractor examined the progress
of the job at noon on day 4. He found that
the ordering and delivering of the pipe had
been completed, but that assembling of the
pipes and fittings was only 14 of the way
completed, when it should have been 14 of
the way finished. He also found that the
digging of the hole was 74 of the way com-

100% l ! T i [
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Fig. 22-2. A dotted line connects the points of actual progress. When the dotted line is above the solid line,
the job is ahead of schedule. When the dotted line is below the solid line, the job is behind schedule.
At day %, the point on the dotted line is at 51.3%, while the correspording point on the solid line
is at 52.5%. This means that the job is 52.5% (scheduled progress) minus 51.3% lactual progress} or

1.29% behind schedule.
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pleted, when it only needed to be 3/ of the
way done. Pipe assembly was 14 day behind
schedule, and the hole was 14 day ahead of

“schedule. The contractor decided then that

more men or tools should be put to work on
the pipe assembly in order to have the pole
erected at the start of day 5.

Overall Progress Cﬁart

Usually the Owerall Progress Chart is
placed at the top of the bar chart (Table
22-2), but since this might be a bit confusing,
it is shown on a separate chart, Fig. 22-2.

The Overall Progress Chart is concerned
with the cost of the job, in dollars, rather
than with how much of the work has actually
been done at the site. For example, at the
end of day 2, the contractor has spent 24 of
the $400 which is to be spent by the time
the pipe will be delivered to tke job. How-
ever, no actual work has been done by the
contractor or his subcontractor. He is not
supposed to put his own men on the job un-
til the morning of day 8. Until he starts
digging the hole, there is no progress that
can actually be seen.

To find out the scheduled progress at the
end of a certain time, we add the proportions
of each item scheduled times the percentage
of the job. For example at the end of day 1,
14 of the pipe ordering and delivery is
scheduled to be completed. This item is 40 %
of the total. 14 x 40% gives 13.3 for over-
all scheduled completion. So, on the bottom
line, starting at 0, we go right to the end of
day 1 ‘and then up to 13.3. This procedure
locateg the point ocu the Overall Progress
Chart which shows how much of the project
money should have been spent by the end of
day 1. Each day is plotted by following this
procedure. :

As a further example, in Table 22-3, w
figured that 46% of the scheduled work, in

terms of fotal project cost, should have been

completed on day 8. To plot this on the
Overall Progress Chart (Fig. 22-2), we go
right to the end of day 8 and up to 456%
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completion and mark a point. Lines are
drawn to connect all plotted points.

To get the actual completion, say at noon
of day 4, as indicated in the Bar Chart, the
process is much the same, except that the
actual rather than the scheduled progress
is used. (Refer to Table 22-4.)

[

Meetings

The first schedule prepared for the job is
really oniy an estimate of' the time it will
take to complete each separate part of the
work. As parts of the construction work
are actually finished, some of these estimates
are found to be correct while others are
found to be wrong. To find out how the

Table 22-3 - :
Total Work at the End of Day 3

Order and
delivery
of pipe 40  All: ¥4 =1 1X40=409%
(16 of 16 sq.*)
Dig hole - 10 ¥:%=4% BX10= 5%
(2 of 4 s8q.)
Total 45%
*Note: sq. means squares on Fig. 22-2, and four squares
equal 10%,.
Table 22-4

Actual Progress Total at Nocn, Day 4

Order and
deliver pipe 40 All: %=1
(16 of 16 sq.)
Assemblepipe 10 34: (1 of 4sq.) ¥ X10= 2.6%
Dig hole 10 2%:3%ofd=2% %X10= 88%
(815 of 4 sq.)

1%40=40%

Total 51.3%
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job is going (whether or not it is following
the schedule), and what can be done to
improve the situation, meetings are held.
The contractor is always there. Others who

. may be present are the architect-engineer,

union representatives, the owner, subcon-
tractors, and suppliers. Depending on how
the job is going, meetings may be held
weekly, monthly or irregularly. At these
meetings, the progress of the work is
checked against the schedule set up for it.
It may be checked by looking at the Bar
Chart or the Overall Progress Chart. If the
job is behind schedule, measures to improve
performance are discussed, Fig. 22-3.

Updating and Revising Schedules

If construction work falls behind schedule
or the owner or architect-engineer decides to

- change the project in some way, a new and

more realistic schedule should be made. This
new schedule must be set up in the same

" way as the first one. It is often better to set

up another schedule after the job is under-
way. The time estimates can then be more
accurate.

Summary

To finish a construction job within the
time limit of the contract, the contractor
sets up a schedule. This schedule is based on
the contractor’s idea of the best way to use
men, money, machinery and materials. The
contractor lists each part of the work along
with an estimate of time. He then sets up
the schedule. The schedule is changed from
time to time because of events on the job or
because of a change in orders from the
owner or architect-engineer.

Fig. 22-3. The contractor and other necessary men
are meeting to decide if the job is
proceeding on schedule.

Terms to Know

notice to proceed Critical Path Method

schedule Overall Progress
assemble Chart
Bar Chart Procedure * install

erect

Think About It!

1. What might happen 'if a contractor made
these errors in scheduling?

a. The inside walls were plastered and
painted before an electrician arrived
to install wiring.

‘b. The kitchen walls and floor were fin-
ished before the plumber did his work.

c. A truck arrived with ready-mixed con-
crete, but the forms to hold the con-
crete were not built.

2. Suggest some other scheduling errors
that might be very expensive mistakes.




.
e e e M A e g B = e

S RN e e b o 30 = bt e g o 1 e e gt

e S e =

Working as a
Contractor

Previous lessons told how the contractor

was selected, and described the techniques of

bidding, contracting, and scheduling. This
assignment will explain in general terms (1)
the contractor’s duties, (2) the contractor’s
relationship to others (owners, architect-
engineers, subcontractors, suppliers), and (3)
the contractor’s business organization.

Contractor’s Responsibkilities (Duties)

The job of the contractor is to furnish all
the labor and materials for building a proj-
ect. He aiso makes sure work necessary to

EN CANYON DAM

%0 MILLIONTH CUBIC
ARD.OF CONCRETE:

Fig. 23-1. The beginning, ending, or certain major
steps of construction work may be marked
by a ceremony. Here the contractor's
foreman ond the owner's representative
place a special bucket of concrete,
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the building of the project exactly follows
the plans and specifications, Fig. 23-2, To
supervise his own employees and the sub-
contractor’s, the contractor must have an
able superintendent on the job at all times.
He must obey all laws relating to labor, job
safety, traffic, sanitation, and licensing. He
must protect the owner by providing the
necessary insurance and bonds as stated in
the contract. He must get the job done with-
in the time of the contract. He must furnish
samples and shop drawings as outlined in
the contract. He must pay his laborers,
suppliers, and subcontractors promptly.
Usually, he must guarantee the quality of
materials and workmanship for at least one
year after completion of the job. Briefly,
the contractor’s responsibility is to get the
job done according to the contract.

ng. 23.2. 1t is the contractor's duty to see that the
job is done according to the contract.

119
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Responsibilities of the Owner
to the Contractor

The owner must supply the 7real estate
(land) for the project, furnish the money
to pay the contractor as stated in the con-
tract, and make quick decisions as to what
he (the owner) wants. The owner must re-
quest changes in plenty of time if he wants
them made after the project is underway.
The owner must not delay the contractor.
If there is more than one contractor on the
project, the owner must arrange for some-
one, usually the architect-engineer, to or-
ganize the work of the various contractors.

Responsibilities of the
Architect-Engineer

During the progress of construction, the
architect-engineer supervises the work being
done by the contractor. In doing this, the
architect-engineer checks to see that the con-
tractor carries out the requirements of the
plans and specifications.

Fig. 23-3. An architectural engineer inspects a
plastic liner which is being injected into the
ground.
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The architect-engineer tests and approves
all the samples provided by the contractor.
For example, in a large brick structure, tlie
contractor might give the architect-engineer
samples of the brick. The architect-engineer
may examine these for color and may test
the strength of the brick and its ability to
withstand freezing and thawing. The archi-
tect-engineer may also receive and approve
shop drawings and equipment specifications
sent in by the contractor. He may also ap-
prove the contractor’s schedule, his general
method of operation, the superintendent on
the job, and often, the subcontractors.

The architect-engineer is also charged
with explaining all the contract documents,
including the plans and specifications. For
example, if the specifications should require
a certain lighting fixture, such as a Toledo
No. 422 or one equal to it, the architect-
engineer would rule on whether or not
Sandusky No. 148, which the contractor
wants to use, is equal. Or, if the contractor
finds hard rock where the drawings showed
soft sand, the architect-engineer would rule
on whether or not the'contractor should be
paid an extra amount and, if so, how much.
In short, the architect-engineer is the agent
of the owner. In working with the contractor,
he acts in place of or for the owner. See Fig.
23-3.

Contractor’s Organization

A contractor gets his job done by using
people, materials, tools, and equipment. At
this time, we are interested in the people.

In order to make efficient and economical
use of his people, the contractor assigns each
of them a certain job. In so doing, he or-

* gamizes his people so that each performs one

or more duties or functions. The organization
of a contractor’s people may take many dif-
ferent forms depending on (1) the amount
of business the contractor does, (2) the
types of jobs for which he contracts, (3)
the abilities of the various people he hires,
and (4) the desires of the contractor him-
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self. A typical organization chart of a me-
dium-large construction company is shown
on page 123. Keep in mind, however, that
any particular contractor may be organized
differently.

Home Office

At the top of the organization, there is
usually an owner or president who is in
charge of the construction company. He is
the chief executive officer who rumns the
whole company. He has the overall respon-
sibility and authority.

Below the president, there are usually
three groups: administrative, engineering,
and construction. Although the groups are
shown separately on the organization chart,
the people in the different groups work
closely together. For example, if a super-
intendent in the construction group should
need hardware for a building, he would send
an order to the purchasing: section of the
administrative group.

Administrative Group

The administrative group may include
sections for accounting, contracting, pur-
chasing, and labor relations. The accounting
section is in charge of handling the money
or financial affairs: (1) it keeps the books,

"(2) makes up the payrolls, (3) pays the

contractor’s employees, subcontractors and
suppliers, (4) prepares bills to the owner,
and (5) often does the paper work for the
hiring of personnel. _

The contract section prepares contracts
with owners, subcontractors, and suppliers.
The contract section also prepares contract
changes and handles bonds and insurance.

The purchasing section dves many things:
(1) makes sure that materials are available
on the job when needed, (2) buys materials
and equipment, (8) maintains a file of cur-
rent catalogs and price lists, (4) handles
rental of equipment, and (5) arranges for
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transportation of materials to the job.
The labor relations section handles mat-
ters pertaining to employees. It negotiates

labor contracts with unions and represents

the contractor in any labor disputes which
might arise.

Engineering Group

The engineering group designs any tem-
porary structures needed to build a project.
For example, they might design the bridge
on a temporary road over which trucks
would haul rocks to the site. This group also
(1) makes estimates for bids and for
changes in the contract, (2) keeps cost
records, (3) controls the costs on the jobs to
see that they do not become too high, and
(4) conducts tests and field surveys needed
by the contractor, Fig. 23-4.

Construction Group

The construction group actually carries
out the work for the job. It controls the field
offices and the yards and shops. Often there




Q

ERIC

Aruitoxt provided by Eic:

122 The World of Construction

is a project manager located with the con-

struction group at the home office. A project
manager is responsible for one major job or’

two or more smaller jobs. He supervises the
activities of the field office and acts as the
home office representative of the superinten-
dent on the job, Fig. 23-5. For example, if

h

_ ;fr

Fig. 23-6. The field office at this dam site is near the
base of the dam. The field engineer's
surveyor is at work in the foreground.

it appears that the work might be held up
for a roller which needs to be rented, the
superintendent would ask the project man-
ager to have the purchasing section speed up
renting the roller and getting it to the job
site.

Field Offices

In the last section, we talked about the
employees who work at the contracting
company’s home office—his place of busi-
ness. Let us now turn our attention to the
employees who are at the job site. Of course,
the number and type of personnel the con-
tractor has on the job depend largely on how
large the job is and how complicated it is.
Usually, there is a small field office at the
construction site, Fig. 23-6. Often trailers are
used. The man in charge of getting the work
done at the site is called the superintendent.
He usually has a clerk in the office, and on
large jobs, he may have a field engineer.
The clerk takes care of payrolls, receiving
reports from timekeepers or foremen, and
any other paperwork. The field engineer does
whatever engineering is needed on the job
and is responsible for seeing that the proper
layout of the project is carried out. On large
projects, the field engineer may have a sur-
vey crew.

Various foremen are also under the super-
intendent. Where several craftsmen of one
trade are working, there is usually a foreman
for that trade. For example, if eight car-
penters are working, there is usually a
carpenter foreman in charge. There may also
be a steel foreman, a concrete foreman, or
an earthwork foreman. Subcontractors also
have foremen on jobs where more than two
or three men work. On an extremely large
job, such as doing all the electrical work for
a skyscraper, the electrical subcontractor
might even have a superintendent and

several foremen. The superintendent for the -

general contractor supervises the work of
the subcontractors as well as that being per-
formed by the contractor’s own employees.

@ e
L2000 .




Working as a Contractor 123

Typical Organization
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Summary

The main responsibility of the contractor
is to get the job done. The owner’s job is
to furnish the money. The architect-engi-
neer represents the owner to see that the job
is built according to the plans and specifi-
cations. The contractor gets the job done with
his empiuyees, subcontractors, and suppliers.
To work effectively, the contractor’s employ-
ees are so organized that each performs a

certain duty.

Terms to Know

responsibilities
supervise

construction group

foreman

superintendent

real estate

inspect

organize
administrative group
engineering group

Think About It!

craftsman
field engineer
clerk

field office
coordinate
pertaining

1. On a construction project the contractor
must be sure that all the correct mate-
rials are used. What other responsibilities

does he have?

2. If you were going to work in one of the
groups in a contractor’s office (adminis-
trative, engineering, construction), which
would you choose? Why ?




Collective

Bargaining

One person has little bargaining power.
When people with :ommon interests join
together, they can joiitly elect one person to
speak for them all. This person has more
authority than any other single member in
gecuring benefits for them aii. When this
elected leader seeks benefits for the group,
from the employer, he is doing collective
bargaining. Labor union is the nane given
to a group of organized workers who wish
to bargain collectively.

Labor unions, representing about one
quarter of our labor force, play an impor-
tant role in the complex economy of modern

America. Union members work in such fields
as transportation, communication, construec-
tion, and manufacturing.

By working together through a union, all
the employees of a company can speak with
one voice at the bargaining table just as the
owner does. Part of dignity on the job is
fair treatment in job assignments and per-
formance requirements. But unions also
negotiate (discuss and decide) for other
benefits such as better wages, better work-
ing conditions, and a comfortable retire-
ment for their members, Fig. 24-1.
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Fig. 24-1. The dignity and integrity of labor comes Fig. 24-2, The wages this electrician earns influence
| from fair treatment in job assignments the cost of things we buy as well as the
’ and performance requirements. things he buys.
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Unions are important in our everyday
lives. "The wages workers earn not only are
part of the total cost of the things we buy,
but these wages also determine how many
things the workers can buy, Fig. 24-2. If
workers made little money, they might not
be able to afford to buy cars or television
sets that other workers make.

Although many workers do not belong to
unions, these organizations are important
to everyone. Often the gains made by local
unions are shared by unorganized workers.
Also, the price of manufactured goods we
buy, the cost of our homes, and even the size
of a telephone bill are partly determined by
the actions of labor unions. Perhaps you
may one day belong to a union. In this les-

- son, you will study about the history, organ-

izations, and activities of today’s labor
unions, particularly the building and con-
struction trades unions. You will find out how
you can join a union.

History of the AFL-CIO

The first labor unions in the United States
appeared in the 1790’s. The first of these
organizations to become important was the
Knights of Labor founded by Terrance V.
Powderly in 1869. Although it Cclaimed
700,000 members, it was unpopular and
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Fig. 24-3. The construction labor force is composed
of a mixture of people with varied trades,
crafts, and skills.

unsuccessful in reaching its aims. During
the 1890’s it collapsed.

A more successful union of the same
period was the American Federation of
Labor (AFL) founded by Samuel Gompers.
It organized skilled craftsmen into unions.
The AFL has grown since its beginning. In
1940 it had over 4,000,000 members, and
after World War II about 7,000,000 mem-
bers.

In the 1930's many labor leaders believed
that a new sort of national association of
unions was needed for workers not in skilled
trades. In 1938 they set up the Congress of
Industrial Organizations- (CIO) in comnipeti-
tion with the AFL. This union organized
on an industrial basis. That is, all of the
workers in industry from the unskilled to
the skilled were in one union. It grew rapidly.

In 19556 these two great organizations
joined together. Together they had 14,000,
000 members in 140 unions. Today the
membership of this organization, the AFL-
CIO, is nearly one quarter of America’s
labor force. In addition, there are certain
independent unions which do not belong to
the AFL-CIO.

The Building and Construction
Trades Department

Today’s AFL-CIO is divided into depe:-
ments. Each department is made up of
unions in a certain category. One of the
most important of these is the Building and
Construction Trades Department which was
founded in 1908. It has 18 member unions
from Iron Workers and Boilermakers to
Carpenters and Granite Cutters. Because it
affects so many workers, the work of the
Building and Construction Trades Depart-
ment is far-reaching and important.

Unlike the manufacturing employee who
may work during his whole career with one
company, a construction employee may work
with many different employers. Construction
work is done on many different sites and
with many different employers. Working
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conditions and employers’ requirements
could vary from one project to the other.
Thus, construction employees need the union
to protect their benefits as workers.

The Building and Construction Trades
Department represents the welfare of the
building trades. All of its officers are elected
by delegates to a convention of the depart-
ment. The duties of the department officers
are:

1. To work with and to organize its

Collective Bargaining 127

3. To keep pace with the labor policies of
the state, local, and national govern-
ments

4. To carry on a program of information
and education on the place of the build-
ing trades in our economy

How Unions and Contractors Bargain

There are several causes of conflict

members between the union and management. These

2. To settle disagzreements between mem- come from their differing goals. Manage-
bers

ment, such as a contracting firm, seeks to

Organization Chart Of AFL-CIO
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make money for the firm or company. The
union tries to get as many benefits as pos-
sible for its members.

Four common causes of labor-management
disagreements are:

1. Rate of wages

2. Working conditions or the environment
in which the laborer works

3. Hours of work

4. Fringe benefits or extra privileges such
as vacation

The union favors an improvement of these
because they make life for the worker
more pleasant. The employer seeks to limit
them because they will decrease his profits
and may even keep him from bidding
successfully for projects, thereby putting
him out of work. A fair balance must be
found if everyone is to profit including
workers, owners, and buyers. Collective
bargaining is used to find this balance.

Before 1932, each of the 48 states had its
own rules and regulations between employers
and employees represented by labor organ-
izations. Because such rules and regulations
varied from state to state, it became neces-
sary to set up a wnotional labor policy.
Congress has passed laws to provide this
policy, Table 24-1.

Workers and employers use agreements
and contracts to serve as the rules and
regulations of their relationship. These
agrcements and contracts are reached
through collective bargaining. Both sides
must be willing to give and take on their
goals if collective bargaining is to be a
success. In the end, the agreement should be
acceptable to both sides.

The union may use several procedures to
achieve its aims by collective bargaining. It
may attempt to settle differences by discus-
gion or negotiation. If this is not successful,
the union may resort to a strike. In general,
unions and management seek to settle their
differences by peaceful and businesslike
relations. If labor and management cannot
reach an agreement, an impartial mediator
is requested by both parties to assist them in

Table 24.1
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reaching an agreement. Both parties discuss
their disagreement with the mediator who
attempts to end their differences by encour-
aging discussion. The mediator does not
have the power to enforce his decisir a. If
mediation does not work, a strike or arbitra-
tion may be used.

Sometimes, when the national security or
public welfare is threatened, arbitration
may be used. An arbitrator is appointed to
arbitrate (settle) a disagrecement while the
work continues. An arbitrator is a third
party (besides labor and management) who
has the power to decide a settlement. Labor
and management agree that compulsory
(forced) arbitration is no substitute for free
collective bargaining and the right to strike.
They believe the directly involved parties
should negotiate in good faith.

The last resort is the strike. When the
strike is voted by the union membership,
none of the members of the union go to work
until a settlement is reached. Strikes are
used by the union because loss of profits by
the employer and pressure from those who
need the employer’s product may force man-
agement to bargain in good faith. Strikes
are avoided by labor and management when-
ever possible. They hurt the union members
because the workers are not paid by the
employer for the days on strike. Though
some unions have strike-benefit payments,
the money is only a part of what wages
would be. A strike hurts the employer be-
cause of loss of production and profits while
overhead costs continue.

Labor-Management Cooperation

Labor and management do not always
disagvee, They work together in many areas
such as (1) training programs, (2) work
promotion, and (3) safety programs. In a
world with rapidly changing production
techniques, especially in construction, the
union wants its members to be skilled so
they will be hired by an employer and can
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Fig. 24-4, Much construction involves dangerous
work. Both labor and management want
safe working conditions,
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demand a higher wage. Management wants
skilled workers because they are more
productive.

Work promotion is also favored by both
management and labor. Work promotion
means to support new construction. Man-

Fig. 24-5. Each local union has its own administrative
center which follows the standards and
requirements of the national organization,

agement supports this because more con-
tracts should mean more efficient use of
resources and more profits. The union wants
work promotion because more production
means eraployment for members.

Both labor and management have an
interest in safety programs. The employer
knows that the loss of a skilled craftsman
because of injury is the loss of a valuable
employee. Unions support safety programs
because physical well-being is in the interest
of their individual members, Fig. 24-4.

In order to run these programs and to
deal with other probiems (such as workers’
complaints against the employer), the union
and management may set up joint councils
or committees. In these joint councils or
committees, they try to solve their common
problems.

Joining a Building Trade Union

If you are interested in joining a building
trade union, you must meet certain require-
ments. These are different for each construc-
tion trade union. The Electrical Workers
union and the Carpenters union, for exam-
ple, each has its own separate standards,
Fig. 24-5. Within the national union organi-
zation, each local, city, or plant union msay

establish membership rules. All national and

local unions in overy construction trade
usually prefer that all members have a high
school education and a sincere interest in
the craft. Apprentices (new workers) enter
the union through apprenticeship programs
(training programs). These programs fol-
low National Standards registered with the
U.S. Department of Labor.

So that you understand more fully the
rules for joining a union in the construction
industry, let us look at a typical local union’s
membership standards. A local union of the
United Brotherhood of Carpenters and Join-
ers of America, which governs the work of
carpenters in Columbus, Ohio, is such a un-
jon. Carpenters who are employed on union
construction projects in this city belong to
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this union and are either journeymen or
indentured apprentices. '

.To join the urion, the applicant must first
have a high school education or its equiva-
lent. He must be selected by a joint labor-
management committee according to objec-
tive standards set by the committee. Then,
he must serve a trial (probationary) period,
usually for 90 days. If he is found to be
satisfactory, he is allowed to join the union
by paying an initiation fee (usually about
$25). At the beginning, the rate of pay for
an apprentice is about 60% of the journey-
man rate. He receives increases every six
months dvring his apprenticeship until he
reaches the journeyman pay scale. The ap-
prentice member must pay union dues equal
to about 114 hours pay each month. For four
years the apprentice receives on-the-job
training vnder the supervision of a journey-
man. Also, he must go to classes two nights
a week during the school year. When he suc-
cessfully completes his training program,
the apprentice is granted membership as a
journeyman carpenter. With this title he is

Fig. 24-6. Management and labor negotiate to
resolve their disagreements.
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eligible to work as a journeyman on any
construction project within the jurisdiction
(authority) of the union and to receive the
wages negotiated for a journeyman. He may
also transfer to other local unions.

The journeyman now has earned all bene-
fits of union membership. Among them are:
{1) membership in the welfare and retire-
ment plans of the union in which he receives

" payments and medical care for himself and

his family in the case of disability or retire-
ment, (2) improved employment opportuni-
ties as a result of training programs and
work promotion activities, and (3) the
right to have his name placed on the un-
employment list. (This is a list of journey-
men out of work at a certain time.) If a
contractor needs carpenters, he may contact
the union and ask for the number of workers
he needs. The union then contacts men whose
names are on the unemployment list and
refers them o the contractor. In this way,
the union accs as an employment agency for
the unemployed carpenters and for the
contractor.

Summary

Workers (unions) and employers (man-
agement) make agreements and contracts
by a process known as collective bargaining,
Fig. 24-6. Workers join together in unions
so they can bargain with a single voice. Most
international unions are affiliated (members
of) with the American Federation of Labor
(AFL) and the Congress of Industrial Or-
ganizations (CIO). The AFL and CIO joined
together in 1955 to form the AFL-CIO. The
Building and Construction Trades Depart-
ment of the AFL-CIO is one of the most
important parts of this union organization.

Requirements for joining a building
trades union are set by each local of the
nationai union. Usually the applicant must
(1) have a high ‘'school education and (2)
work under a training program for a certain
length of time before becoming a journey-
man member of the union.
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Terms to Know

labor union
trade union
AFL-CIO
skilled worker
unskilled worker
category
disability
employer
employee
NLRR
negotiate
arbitrate
mediator
labor

* collective bargaining

C)

Think About It!

management

the strike

wages

working conditions
fringe benefits
:ipprentice
initiation fee

dues

on-the-job training
jurisdiction

local

journeyman
protect

guarantee

1. Why do construction workers have
special need for help from a union?

2. Union members and their employer reach
an agreement through collective bargain-

ing.

a. What kinds of things do they bargain

abont?

b. What can a mediator do to help settle

a difference?

c. What can an arbitrator do? .

d. Why does a union try to avoid a strike?
8. In what kinds of activities do labor and

management usually work together?
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Hiring

Construction
Personnel

The importance of hiring practices be-
comes clear when you realize that each of
the millions of construction workers was
hired at least once. Many construction work-
ers are hired a number of times each work-
ing season. This is because they often move
from one employer to another as they move
from one construction site to another, Fig.
26-1. _

‘[he next few lessons tell about the various
personnel practices in construction. This les-
son tells about one part of the personnel
practices, that of hiring. In construction,
there are three major practices in hiring:
recruiting, selecting, and inducting. The
following readings will help you understand
other personnel practices such as training,
working, advancing, and retiring.

Recruiting

Recruiting s the finding and attracting of
needed employees. Recruiting may be fairly
simple. A small construction contractor may
hire someone who has been watching the
construction work, Fig. 26-2. Or, for a large
contractor, recruiting may be a long and ex-
pensive process. This is especially true when
a specialist such as an architect, civil engi-
neer, draftsman, foreman, or skilled crafts-
man is needed. In every case, the contractor
must make the job attractive enough that
employees will want to work for him.

Recruitment begins with the request to
fill a job opening or hire someone for a new
job. Although the request may come from
the foreman or superintendent, the recruit-
ing is done by the persomnnel man, or in a
large organizatioa, the personnel depart-

ment. The personnel department has job de-
scriptions which tell what each worker is
expected to do. They will also have a descrip-
tion of the skills, education, and experience
that the needed worker must have. The per-

Fig. 25-1. These construction workers will work at
this job until it is completed. Then they
will move on to another.

Fig. 25-2. This man who is watching the construction
work may be hired by the contractor.
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sonnel department may recruit workers in
these ways: (1) by advertising in news-
papers, (2) by checking with schools and
colleges, or (3) by placing job orders with
public and private employment agencies.
_The way that union contractors in the
building and construction industry recruit
workers is usually provided for in the col-
lective bargaining agreement. The union and
employer have usually set up procedures by
which the employer calls the union when he
needs workmen. This is known as the hiring
hall or referral provision. (See Fig. 25-3.)
It is agreed in advance that the union will
maintain a pool of skilled construction work-
men. The employer then calls the union and
places an order for the number of men
needed. Then, the union refers the workmen
to the employer for hire.

The referral provision has proven to be of
service to everyone involved. It helps the
contractor to be free to bid any size job,

Fig. 25-3. Skilled, union electrical workers can report
at the union hall to find a job.

- 8
igo

because he knows he has a source of qual-
ified workmen. The worker is helped by
receiving placement help and knowing that
his wages and working conditions will be
covered by an agreement.

Selecting

Selecting is a screening process for choos-
ing the best qualified persom from among
those who apply for each job. Selecting,
like recruiting, may be an easy or a difficult
process. It depends on what kinds of jobs
have to be filled, the number of people who
want the job, and the company’s hiring
policy. A good selection can be made only
if many facts are known about the people
who want the job and the job itself. These
facts help the employer decide who is the
best person for the job.

There are many ways to get facts about
an applicant (the person wanting the job).
First, there is an application form. See Figs.
26-4 and 26-5. This gives basic information
and helps to show if the person meets the
company’s standards. For most jobs today,
filling out some kind of application blank is
required. In most cases, the form is filled
out by the applicant, Fiig 256-6. In some cases,
however, it is done by the employer who
asks the apvlicant questions. The way the
applicant answers the questions and what
he says help the employer to judge the ap-

. plicant.

Testing may also be used to select a per-
son applying for & job. There are two major
kinds of tests: proficiency tests and aptitude
tests. Proficiency tests measure such abil-
ities as typing and bricklaying. They are
given to applicants who want skilled posi-
tions in the construction industry. These
tests require applicants to produce samples
of work which the employer then compares
to the work of successfully employed trades-
men. Proficiency tests may also require
answers to oral or written questions. Gen-
erally, these operations and questions.ean
only be performed and answered by an ex-
perienced person.
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THIS FORM SHOULD BE COMPLETELY FILLED QUT TO RECEIVE PROPER CONSIDERATION

APPLICATION FOR EMPLOYMENT

|TO 82 PILLED OUT BY APMICANT IN OWN HANDWHITING |

DATE OF APPlICATION—————— —————————

NAME IN FULL
mr miboLe LAST
PRESENT
ADDRESS PHONE NO
STEPEt «ND NUMIRR CITy AND $TATE
LAST PREVIOUS ADDRESS
IF SCHOOL AGE
SOCIAL SECURITY Na. HAVE YOU A WORKING PERMIT?
T e FEMALE® SINGLE MARRIED SEPARATED DIVORCED WIDOWI{EN)
AGE_____.______DATE OF 8IRTH*
HEIGHT, WEIGHT __COLOR OF EYES COLOR HAIR —_—
ARE YOU A CITIZEN OF UNITED STATES?_ . . ... ..
) IF MARRIED, 1S WIFE [HUSBAND} WORKING ?. WHERE?,
HUSBAND'S [OR WIFE'S| NAME IN FULL
nmst mIoo1e last
UGHT
LIVE WITH PARENTS. RELATIVES SOARD HOUSEKEEFING
In case of emergency, tuth ot serlous Infuty or lllness, notify the following person:
NAME. PHONE No.
ADDRESS. CITY & STATE_.

FATHER'S NAME IN FUlL_

DO YOU HAVE LIFE INSURANCE____

WHAT COMPANIES?.

STATE NUMBER OF DEFENDENTS:  ADULTS CHILDREN, AGES?.
Hove You Ever Recalved UN-EMPLOYMENT COMPENSATION?, HOW MANY TIMES?

FROM WHAT EMPLOYERS?,

HAVE YOU ANY MELATIVES OR FRIENDS WORKING HERE?. WHO?.

WHAT IS YOUR Na | HOBBY?. OTHERS

DO YOU USE A TYPEWRITER?, WELL. FAIR VERY SLOWLY.

DO YOU USE A CAMERA?. OFTEN?. SELDOM? FINISH YOUR OWN ALAS?——
L’...J.".I'.:;i'.‘”) EVER CONVICTED FOR — DRIING SPEEDING?. TRESTANY

ARE YOU NOW EMPLOYED?.

Have You Ciher EMPLOYMENT APPLCATIONS PENDING?.

" 30—
WHY DO YOU WANT TO CHANGE?.

WHAT FIRMS?.

HAVE YOU EVER HAD A SURETY 3OND>

Form
Prinied 1o V. 8. A,

CANCELLED?. REFUSED?.

Copyrights Meiler Mhole Doslers’ & Finlihen’ Anveciatien |947

EDUCATION: .
GIVE NUMBER OF YEARS ATTENDED NAME OF SCHOOL cry STATE
GRAMMAK SCHOOL YEARS ’
HIGH SCHOOL YEARS
COMEGE YEARS

WHAT SPECIAL COURSES?

EMPLOYMENT HISTORY:

STATE FULLY HOW YOU HAVE SEEN PREVIOUSLY EMPLOYED OR ENOAGED FOR LAST 3 YEARS
MGIN WITH YOUR PRESENT DR LAST EMPLOYER. —GIVE RJU_PART CULARS AS RIQUIRED BY THIS FORM,

FIRM EMPIOYED BY

WHAT 010 YOU 0O?

NAME OF PR
10U woretn. roe__| WHY DID YOU LEAVED

REFERENCES:

NAME PRESENT AOORESS

GIVE THE NAMES OF THILE REUABLE PELSONS TO WHOM WE CAN RETER, WHO ARE SUPCIENTLY FAMIL AR wiTh vOUX
_QUAUIFICATIONS ANO CHARACTER TO GIVE INFORMATION ABOUT YOU. DO

'NOT INCLUDE RETATIVES OR FORMER EMPLOYERS.

CITY AND STATE

TECLPHONE No,

PHOTO RETAIL OFHCE JANITOR
DESIRE EMPLOYMENT IN: IABDEATORY. STORE - . WORK e - OEUVERY o L WORKee!
WHAT EXPERIENCE WILL YOU ACCEPT
(F ANY FOR THIS WORK?. OTHER WORK e e e
THE FOUOWING INFORMAIION IS GIVEN IN LIEV OF A
HEALTH! PHYSICAL EXAMINATION IMPORTANT
"I hereby woreant thot the lnformoilan glven by me In this application s trve In
[ Oood e ot reec 011 respects and | agree thot if employed and 1} Iy found to be falte In ony
, Gend e e, fOSPECH, that ! will be subject to dismissel withaut nolice."

o, o R "l hnuby nulhnrln ynu nr my Vnmm employers or references ta furnkh ony
oS e ¢ Honld ot opten ) Mo 17T RS s aem | ¢haracter, habits or emptdyment record and
Hovs 193 avar boot advived 1o beme 8 (mBicel spervine! | hereby uloon olt wch pmnnl hnm any flablllty or domages an account of
Detelic. having furalshed such

Mere yoo aver rombed lodesutty for accidonts o0 sroprenel Hisonr?.
[N

In return for this ogreement thot | wlill recelve ane week's natice or equivalent
In pay In case my yervices ore no longer required through ne fault of my own.

| agres It employed, lo give ane week ol notice of my Inlention to discontinue

Here 1os over bass id ros bed Bigh bleed et

Moo yoo over bod, bosa iroeted bor, 0 boon toid you bad sar ol Mo leiieese® Paliaper, Brodity, Yerige
o Qnikeent, holekeq wpaths, d1oere Bl he Brale, Serven liem, (0081 O Beeri? (Undari-ere sl sees, W

oy

my employment.

SIGNATURE
OF APPLICANT X

'm N-' 'u. M ll- M‘I«I Dinrislagtion mi'\ln amw bocouts o] ope oad un lllt onglorment m Tows of mary oher iloter o) woll 84 e Fodurel Hiverunent m" dnolalestion la supleromt 00

religton lor croed), soe, ot 1 wrigls, ead Leae 1MWe lecieds PoNeset Secesiry

ot ope.
\

Fig. 25-4. An applicant is asked to give informction.cbout himself on the application form.

149"




ERIC

Aruitoxt provided by Eic
'

cwmens  EMPLOYMENT INFORMATION

FOR SOCIAL SECURITY No.
ADDRESS WHEN EMPLOYED PHONE No.
DATE ADDRESS
CHANGES PHONE No.
ADDRESS
CHANGES PHONE No.
ADDRESS
CHANGES PHONE No.
ADDRESS
CHANGES PHONE No.
ADDRESS
CHANGES PHONE No,
OTIS “RATE OF LEARNING"™ SCORE; GUESTONS ANSWERED P
“RATE OF MANIPULATION" SCORE: : hagne TLUNING
(1 S — {7 S
PHOTO APTITUDE SCORE: — SC-RIING fieoms——————— MATCHING fmeis———]
APPEARANCE; EXCELLENT NEAT FAR POOR
PERSONALITY; EXCELLENT _____ PLEASANT FAR RESERVED
VOICE: LOUD ____CLEAR SOFT IMPARED |
APPE/iRS SUITED FOR: PRODUCTION WORK SALES EXEC.
APPARENT HANDICAPS;
GENERAL COMMENTS ON INTERVIEW: —
TIME
STARTED WORK — DATE STARTING PAY $ X No.
HIRED FOR: (SRssirizanon) DEPARTMENT
EMPLOYMENT RECORD
ADVANCEMENTS; — PAY INCREASES - PERFORMANCE v
JOATE OF CHANGE POSITION ASSICNID y feasons y v ‘”:3"0 Nl"‘:‘" CHABACTER OF SteviCR }} 3 i ig
(L3179 New LONO
s ABILITY seavice QUALITY Of WORK
XA NEw LONG
FT{I18 ABLTY stavice PRODUCTION.YOLUME
(41179 New LONG
i ALY seavice ATNITUDL. WORK
[£1(FY New LONG
- s ABILITY staviCe ATHTUDE.OPGANIZATION
[$3{7Y New LONG
L ([0 ABUTY stavice ATTINDANCE.-PUNCTUALITY
Ty NEw LONG -
“nt ApiLITY seevice
GENERAL INFORMATION & REMARKS: — VACATIONS ANNUAL EARNINGS
AMOUNT

DAYS FROM 10 YEAR

19

EMPLOYMENT RELEASE: —otir "

CHECK AND EXPLAIN IN DETAIL UNDER “REMARKS" mcr"msou FOR LEAVING,

DID YOU OFFER RIRTHER EMPLOYMENT?.

O DISCHARGED, O, RESIGNED O OTHER REASON
mOwa T . TN 00 BWIEE @inTARY SERVICE
DAl MO . oL WALTH 1137 BRANOH OF SERVICT
INBVSOMDINATE DOIWE T MITD WOR fhrv i &
100 TEWT MU wAoTIo . O 3ThiEy -
1AIT — 100 _HOW ATrewd . MOVED AWAT .
TIOUS(S MASEL 10 aamy, O PtoRRA UMD TRAMY

10 odaw . GURANCT VAC, 88111 wOsELE
SATEA WORK OsY

{F NOT, STATE REASON BELOWY{ |

WOULD YOU REEMMLOY?.

{F NOT, STATE REASON BELOW:

RECEIVED PAY IN RAL .
OF ALL DEMANDS SIGNATURE,

i}

and personality, and a record of his employment if he is hired.

e NP

e

Fig. 25-5. Other parts of the application form will contain-a record of fhe‘qppli.Can‘f's test scores, his appecrance
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Aptitude tests are used to measure an
inexperienced or untrained person’s ability
to learn and do a job quickly. The results
of these tests help in the selecting of ap-
prentices in the constrnction trades and for
many other kinds of jobs.

Many specific aptitude tests for skilled
occupations in the construction industry
have been made by the United States De-
partment of Labor, Bureau of Employment
Security, United States Employment Service.
This Service has also developed a General
Aptitude Test Battery. This test gives the
applicant a good idea of his ability for a
number of different kinds of work. It is used
to help an applicant who is not sure of what
kind of job he would like. Information about
these tests can be found at any State Em-
ployment Service office. Preemployment
testing is an efficient way of estimating an
applicant’s ability before he is hired. An hour
of testing may tell as much auout him as
several days on the job, Fig 25-7.

Interviewing is another way of selecting
employees. The interview is generally
thought of as the most important part of
the hiring process. Every job selection pro-
cedure includes one or more interviews. An
interview is a tallt between an employer and

Fig. 25-6. The state employment service begins its
work by having an applicant fill out an
application form.

Hiring Construction Personnel 137

a person who wants a job. Usually, the em-
ployer asks the applicant questions, but the
applicant also has a chance to question the
employer about the job and the company.
Interviews are different depending on the
job to be filled. A small building contractor
interviewing an applicant for a laborer’s job
at the building site may spend only a few

Fig. 25-8. The applicant is interviewed by a staff
member.
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138 The World of Construction

minutes with him. Interviewing a civil en-
gineer, draftsman, or foreman might take
more time. Very often the applicant may be
interviewed by more than one person. A
foreman, superintendent, or manager may
do the final interviewing, Fig. 25-8.

Checking references is another method
used to select workers. A reference is a
statement of an applicant’s qualifications.
Most application forms ask for the names of
persons who may be contacted for referen-
ces. Sometimes applicants are asked to show
letters that recommend them. Usually ref-
erences are of two kinds: (1) Character
references are statements from people who
have known you for some time and can tell
about your reputation and what kind of a
person you are, (2) Former employer ref-
erences are statements from former em-
ployers about the applicant’s previous per-
formance. For young applicants, school re-
cords are almost always checked.

Final decisions are usually made by per-
sonal value judgments. No two employers
will look for the same qualities, and no
two employees will want the same things

Fig. 25-9. When work is found, the applicant is
notified by phone.

in an employer. Employers have different
strengths and weaknesses in their capacities
to select efficiently; and workers have dif-
ferent strengths and weaknesses in their
capacities to do jobs.

Inducting

Induction programs are designed to make
the new employee feel that he belongs to
the team and to help him learn how to do
his job as part of that team. These programs
give information about the history of the
company, its products, employee benefits and
services, company policies and practices,
work rules, and the importance of each job
for the whole project.

Fig. 25-10. On the job, the new worker can now be
informed as'to his specific duties.

s




A large industrial manufacturing company
may have a formal induction training pro-
gram with employee handbooks and pam-
phlets to explain the whole company’s oper-
ation. A small contractor hiring a building
craftsman may assign him to a project su-
perintendent who will in turn assign him to
a foreman who will assign him to his job,
Fig. 25-10. Before being referred to the job
by his union, the building craftsman is ex-
pected to know the work and to be qualified

"to perform the type of work to which he

is assigned.

What Applicants Should Do

When applying for a job, it is very im-
portant to make a good first impression.
It may decide whether or not an applicant
is hired. To make a good impression, an
applicant should prepare for an interview by
gathering facts about the construction in-
dustry, the employer, and the job he wants.
Also, he should be especially neat and clean
wheu he appears for the interview. He
should take care to fill out the application
forms neatly and accurately.

Where hiring is done through a hiring
hall or referral plan, the applicant should
apply to the local office of the union or
craft in which he is interested. This office
will then provide application forms and ar-
range interviews.

-Summary

There are three major practices in hiring:
recruiting, selecting, and inducting. Re-

cruiting is finding and attracting job appli-

cants. Selecting is choosing the person for
the job. Inducting is gettlng the worker
started on the job. .

Through collective bargammg, many em-
ployers and unions have set. ap. orderly
procedures for recruiting, selecting, and in-
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ducting skilled production craftsmen. These
procedures are known as the hiring hall or
referral provisions of a collective bargaining
agreement.

A person applying for a job should pre-
pare for the interview by learning about the
company and its hiring practices.

Terms to Know

selection referral provisions
hiring proficiency tests

a. recruiting aptitude tests

b. selecting applicant

¢. inducting interview
personnel man references
personnel department a. character
job descrirptions references
hiring hali b. former

employer

references

Think About It!

1. Recruitment practices vary for d fferent
occupations in construction.
a. Name several ways in which a con-
" struction contractor may recruit job
applicants.
b. What is the purpose of a hiring hall?

2. To. select the best person for a job, a
contractor needs to know many _things
about the applicants.

"a. What questions usually are asked on
job application blanks?
b. Why does the employer need to know
the answers? ‘

8. An induction program for new employees
may be simple or complex
a. Why would a contractor . want a new
worker to know something about the
whole prOJect" .
b. What kinds of rules and policies ‘does
the employee need to. know about?

5
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It takes training to become a good baseball
vlayer. You must first learn to hit, field, and
run bases. Then you must practice all of
those thiings. In the same way, there are
many things a person who works in construc-
tion must learn if he is to do his job well.
In order to become a good craftsman, a
carpenter must learn to saw, assemble, and
fit materials. This takes training. A worker
also needs training if he is to advance to a
better job. If a skilled journeyman carpen-

ter wishes to become a foreman, he must -

first learn- how to supervise the work of
others. :

Fig. 26-1. American Indians, especially Mohawks, have
traditionally become ironworkers and
bridgemen, putting up the steel for many of
the nation's great structures. .
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Training and
Educating for
Construction

Groups Requiring Training

There are three major groups of workers
for the construction industry: (1) those
who perform management tasks, (2) those
who work on production, and (3) those who
perform office tasks. Each group has differ-
ent training needs.

There are different levels and kinds of

- managers: (1) community planners, (2)

draftsmen, (3) estimators, (4) contractors,
(5) supervisors and foremen, (6) architects,
and (7) engineers. Most of these people com-
plete educational programs beyond high
school. '

Those who work on production carry out
the plans of management, Fig., 26-1. They
are responsible for doing the on-site work
necessary for the successful completion of
the construction project. These skilled
craftsmen have many different specialties.
For example, there are bricklayers, elec-
tricians, plumbers, and carpenters. All must
first complete high school and then enter
apprenticeship. programs. but they all work
together to complete the construction
project.

Those who perform office tasks do work
which is much like that found in any office.
Those doing this work include telephone

‘operators, receptionists, secretaries, and

payroll clerks. All these workers keep
records and provide the information which
is needed to keep construction operations
moving smoothly. Office workers usually re-

" ceive their education and training in pro-

grams outside the construction industry,
Fig. 26-2. .
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Educating Architects, Engineers,
and Managers

Architects and engineers have the re-
sponsibility of: (1) designing, (2) survey-
ing, and (8) engineering the construction
project. Civil engineers, sanitary engineers,
and architects work mainly in construction.
There are also aeronautical and industrial
engineers who work mainly in manufactur-
ing. FElectrical and mechanical engineers
work in both construction and manufactur-
ing, Fig. 26-3.

To gain the knowledge and skills necessary
to do designing and engineering work, they
all must attend college. Usually they attend
college for four or five years. During this
time they take courses in mathematics,
science, and in areas related to architecture
"or engineering such as drafting, electrical
circuit design, and the designing of founda-
tions. To graduate from an architectural or
engineering school, students must generally
have a “C” average. Their courses are
usually very difficult, and they must study
and attend classes regularly.

Fig. 26-2. A high school education may provide you
with efficient communication skills which are
essential in any office.

155

141

To become a successful architect or engi-
neering student, it is not enough to have
intelligence and desire. You must also have
a good high school background, including
high grades in mathematics and science,
Fig. 26-4. Without this background your
chances of being accepted into a good engi-
neering school, or of doing well in such a
school, are slim.

Although each engineering school sets its
own background requirements, they all want
similar things. A typical engineering school
requires that the following subjects be taken
in high school: (1) three or four ycars of
mathematics, (2) three or four years of
English, (3) one or two years of industrial
arts, and (4) two or three years of science.
In each of these subjects, the higher number
of years is preferred. Usually a “B” grade
average is necessary. For more information
about these programs and the standards for
getting into a particular engineering school,
speak to your teacher or guidance counselor.

Many architects and engineers also work
as managers or contractors, and many ex-
perienced tradesmen become supervisors or
contractors. Some managers study profes-
sional construction management in college

Fig. 26-3. These civil engineers use construction
technology in solving many construction
problems.

RS
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programs. They are neither engineers nor
tradesmen. They are persons who plan, or-
ganize, and control the actions of others in
the construction industry. These kinds of
managers often attend commerce colleges
instead of engineering schools. There are
other kinds of management personnel who
attend special classes to become surveyors
or estimators.

Training of Production Workers

The construction industry gets production
workers from four main sources: (1) out-
siders who have little skill and whc come
into the industry just when activities are
booming and unskilled 1abor is needed, (2)
young workers who come into the trade as
helpers or laborers, (3) young men who
wish to become skilled craitsmen in one of
the building trades, and (4) the pool of
skilled workeis who are already trained and
qualified, but who may have been learning
new skills and techniques. Although men
from all four sources are often needed as
construction workers, it is necessary to be-
come a skilled craftsman if you are to find

Fig. 26-4. These future engineers are gaining
knowledge about strength of materials.

1567

permanent and rewarding work in the build-
ing industry.

Skilled tradesmen go through a training
period called an apprenticeship. During
their apprenticeship, the young trainee or
apprentice is given: (1) 6,000 to 10,000
hours of training on the job and (2) 144
hours per year of classroom instruction
which will help him to become a journeyman
or highly skilled building trades worker,
Figs. 26-6 and 26-7.

Both labor unions and contractors work
together in setting up apprentice-training
programs. These programs usually require
an apprentice to be between 17 and 25 years
of age and to be in good. physical condition.
It is usually necessary to have a good high
school education in mathematics and science.

‘The apprentice should also be handy with

tocls and have a mechanical aptitude. Each
apprentice is graded and advanced on his
Own progress.

An apprenticeship program is usually
supervised by a Joint Apprenticeship Com-
mittee made up of representatives of local
employers and unions. The committee has
many important tasks which include: (1)

Flg 26-5. Both managers and production workers
spend time in independent study to keep
abreast of the changing iechnology.

P
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deciding how many apprentices are needed,
(2) deciding what standards for education,
trairing, and experience are to be met,
(3) finding out what employers have equip-
ment and other things needed to provide
good training, (4) settling disputes between
employers and apprentices, and (5) certi-
fying the apprentice as a journeyman upon
completion of the course. This committee
also registers apprenticeship programs with
the state apprenticeship agency and with
the United States Department of Labor’s
Bureau of Apprenticeship and Training.
Where there is no Joint Apprenticeship
Committee, the apprentice may make an
agreement with the employer or the employ-

er's agent. Although this arrangement may

be as good as any, it does have some risks.
If there are disputes or differences between
the two persons, the apprentice does not have
the protection of the committee. Because
training and grading depend only on one
man, the apprentice’s skills may not be up
to other contractors’ standards.

A young man who is interested in joiningb
a building trade may shorten his period

of apprenticeship by preapprenticeship in-

Fig. 26-6. These apprentices spend about 144 hours
per year in the classroom along with
on-the-job training before becoming highly
skilled journeymen.
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struction in high school, trade school, or
junior college. (This does not apply to all
trades.) If he does well in subjects related
to his trade, the Joint Committee or his
employer may give him credit for this train-
ing. This instruction will often enable him
to begin his apprenticeship at a higher rate
of pay than others who start without this
training. If you want to know more about
preapprenticeship programs and appren-
ticeship programs, your teacher or guidance
counselor will help you.

Summary

Training is important in the construction
industry. It enables the worker to do his job
well and to advance to a better job. There
are three main kinds of workers in the
construction industry: (1) those who man-
age the construction project, (2) those who
carry out the work on the project, and (3)
those who work in the office.

The architect, engineer, and contractor
have the joint responsibility of designing,
engineering, and completing the construc-
tion project. They are usually trained in a
college, university, or technical institute.

The production worker is responsible for
the actual construction of the project. He is
trained under an apprenticeship program.

Fig. 26-7. As part of their on-the-job trainihg, these
apprentices are_learning how to screed
concrete. :
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This program is from three to five years
long and requires on-the-job training and

school and/or college.

Terms to Know

classroom insiruction. The program is architect community planners
usually operated by a Joint Apprenticeship civil engineer draftsmen
Committee made up of representatives of . sanitary engineer estimators
. local employers and unions. tradesmen contractors
Office workers usually receive their train- trainee foremen
ing outside of the construction industry. apprentice supervisors
They may take business courses in high on-the-job training  Joint Apprenticeship
Committee

Training And Educating For Construction

|
— High School |
|__Technician I
Training |
{
— College _ i_
LGraduéte
Education
Think About It!
1. Name several jobs in each of these
groups: .
a. Managers ' v - 3.

b. Production workers
c. Office workers .

2. Which of these people work mainly. in
construction, which work mainly in man-
ufacturing, and which work in both?

a. Aeronautical engineers :
b. Architects '
c¢. Civil engineers
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d.

__ Elementary
School

— High School

|_Apprenticeship
Training

— Journeyman

Trade
—Extension
Training

Electrical engineers

e. Industrial engineers
f. Mechanical engineers °

g

Sanitary engineers -

A skilled craftsman is trained m an

apprenticeship program.

a. Who sets up and runs. this kind of

_ . training?

b. What is usually requlred if you want
to become an apprentice in a construc-
tion trade?

c¢. How much and what klnds of training

are required to become a journeyman?
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Working
Conditions

How well a coach and a team work to-
gether will affect the game. Each member
of a football tearn must do his part. Because
the coach pulls together the actions of the
team members and tries to put each player
in the position where he does his best, the
team must also work with the coach. A
coach can't win a game without a team, and
a team can’t go very far without a good
coach. Each is importani to the success of
the other. The employees on a construction
job and their employer must work together
like a coach and the players. Each one
should try to do his own job as best he can,
Figs. 27-1 and 27-2.

Fig. 27-1. Each member of a football team plays
according to rules and game conditions.

Working Rules

Each sport has rules which players must
follow. It is the same way in the construc-
tion industry. There are rules for the
workers and for the employer. These rules
cover three main areas of work:

1. Physical working environment (where

the work is done),

9. Social working environment (the other

workers), and

3. Economic rewards (the worker's pay

and benefits for the job he does).

Although the physical working environ-
ment is somewhat determined by the job,

Fig. 27-2. Construction workers also agree to work
‘ under certain conditions and according to
certain rules.
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labor and management may work together
to improve such things as the safety equip-
ment, the lighting, or dust conditions. Cer-
tain conditions cannot be changed. In con-
struction work, much of the work is done
outside or in partly enclosed structures.
Thus, exposure to cold, hot, and rainy
weather is common. However, many persons
prefer construction work because it is out-
of-doors. :

The social working enmronment refers to
many things:

1. The attitude other workers have

toward each other and their own job,

2., How many hours a day each worker
must work,

3. What after-hours get-togethers there
are (such as a company bowling team
or Christmas party).

Economic rewards mean more than the
money the worker receives. The fringe ben-
efits such as the industry’s insurance pro-
gram and a paid vacation are also economic
rewards, Fig. 27-3.

Construction trades offer especially good
career opportunities for those who are not
planning to go to college, but who are will-
ing to spend several years learning with
pay. Well-trained construction craftsmen
can find jobs in all parts of the country.
Generally, their hourly wage rates are much
higher than those for most other manual
workers. Those with business ability. have
a greater opportunity to establish their own
businesses than do workers in other skilled
occupations. Even with advances in tech-
nology, employment in most construction
trades has expanded during the past 30
years, and it is still growing. See Table 3-2,
page 13.

Setting the Rules

The working rules are set by an agree-
ment between. the employer and his. em-
ployees. This may be done on an individual
basis or on a group basis. Today most such
agreements are put into a formal written

contract called a collective bargaining
agreement. Sometimes workers only have
a spoken agreement. They may even work
under an assumed agreement. If an em-
ployer does not say a workday is eight
hours, and the worker only works eight
hours, the agreement is understood or
assumed. ’

If there is a collective bargaining agree-
ment, it should be very specific and cover
all items of importance, as the hours of
work are in this statement from a typical
agreement

Eight hours shall constitute a day of
work and shall be performed between
the hours of 7:00 am. and 5:00 p.m,,
local time (8 hours sometiine within this
10-hour period) with one-half hour off
for lunch between 11:00 a.m. and 12:30
p.m., (one-half hour sometime within this
hour and a half period) Monday through
Friday. ' '

It is important that each point that might
cause a conflict between labor and manage-
ment is written into the agreement.

Fig. 927-3. Fringe benefits mean such things as vacations
~which the whole family will enjoy.
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Most working conditions are set by nego-
tiations. The worker and the employer both
compromise (give in) so that both can be
satisfied. If an agreement can’t be reached
this way, an outsider may be called in to
help settle the problem.

Summary

There are rules for the world of work
Just as there are for football. The way em-
ployees and employers follow the rules helps
make construction a success or a failure.
Working conditions or rules are agreed to
by labor and management. If they cannot
agree, an outsider may be called on to help
them agree or to settle the problem for
them.

Terms to Know

physical working negotiations
environment collective bargaining .

social working agreement
_environment spoken agreement

economic rewards assumed agreement

fringe benefits compromise

Think About It!

1. Your classroom is your physical working
- environment for many hours each week. ~

a. What parts of your physical environ-
ment in the claSsroom cannot - be
changed ? :

b. Suggest some ways of 1mprovmg the
physical environment in your school.

2. The other students and the activities

they share w1th you are part of -your

-
. 8) .
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Gk
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Working Conditions

Comfort Wages| |Benefits
1 Formal Informal
social wo_'rking' environment. How do

group activities help you with your main
job in school—which is getting an edu-
cation?

. The main reward for workmg in school is
a good education. However, many fringe
benefits are available to students. '

a. What tickets for sports events or en-

‘ tertamment can you buy at student

rates? . ' o :

b, Does. the school prov1de equlpment for

playing after-school sports
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Construction advancement practices are
important. They affect what kinds of em-
ployees are attracted to work in construc-
tion. The ambitious person wanting a job

-will choose the company that uses the best

advancement practices. These people will
probably be the best workers.
Advancement practices also affect the
employers. An employee who is unhappy
with his position often has low morale and
may not do his work as well as if he felt
good about his position and his company.
If a worker is very unhappy, he may fi-
nally quit his job. When a great number of
employees are unhappy in an organization,

Fig. 28-1. Good employee relationships result in
happy, productive employees.
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Advancing in
Construction

there is usually a high percentage who quit.
Poorer quality work will probably result
from those who stay. It costs industry
money to hire new employees and train
them to replace those who quit, Fig. 28-1.
There are many differences in the
advancement practices of individual em-
ployers. These practices also vary in differ-
ent parts of the country. The amount of
money available to pay workers and how
many workers need jobs both have an effect
on advancement practices. As a result, it is
hard to give any common guidelines about
general advancement practices. Wherever
you are, though, the person with the best

O L

Fig. 28-2. Here is a foreman who is in charge of a
construction crew,
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training and qualifications has the best
chance of advancing.

Career Progression

Career progression is the normal advance
‘because of promotions, special knowledge,
or job experience. Job changes are directly
related to and depend upon advancement
practices. There is both positive and nega-
tive career progression. Positive progres-
sion is movement upward. This means either
going up in job position or receiving an
increase in wages or both. Negative pro-
gression is moving downward. This means
a lowering of job position or having wages
decreased or both. In addition to positive
and negative progression, a person may also
move alung at the same job level and at the
same pay. This is called lateral progression.

In the construction industry, a person can
advance in many ways. A craftsman may
become: '

1. A foreman in charge of a crew (Fig.

28-2), or

2. An estimator for a contractor, or

3. A project superintendent, or

4. An instructor or teacher of vocational

and trade classes, or

5. A salesman for building supply com-

panies, or

6. A contractor.

Career Patterns

There is no way to show all of the oppor-
tunities that might be open to you in the
construction industry. There are far too
many job possibilities to include them all
here. You may get a very rough. idea of
how an individual might move up in a com-
pany by studying some of these common
progressions ; o

1. high school graduate / apprentice /

journeyman / foreman / job superin-
tendent / general superintendent / esti-
mator

46’0‘,‘} ..
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2. technical school graduate / assistant
expediter / expediter / purchasing
agent / vice president

3. technical school graduate / assistant
engineer / job superintendent / general
superintendent / vice president

4. college graduate / junior estimator / es-
timator / engineer / business solicitor /
partner

b. college graduate / engineer / job super-
indendent / vice president / president

6. high school graduate /. apprentice /
journeyman / grievance man / business
agent / union president

Kinds of Advancement Practices

Advancement practices are those which
result in worker movement within an or-
ganization. There are four major kinds of
practices: ‘

1. Promoting is moving to a higher job

with an increase in responsibility, and

Fig. 28-3. Many small contractors have their own
businesses and operate with small crews.

3
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Jor knowledge needed, and/or ability
needed. The new job may or may not
mean more pay.

2. Demoting is moving to a lower job with
less responsibility, and/or knowledge
needed, and/or ability needed. It may
or may not mean less pay. It is often
only temporary.

8. Transferring is moving to another job
of the same level and pay. The re-
sponsibility, knowledge, and ability
needed are much the same as that in
‘the job held before. Transferring
happens when an employer has an
opening to be filled or when an em-
ployee would be happier in a new job.

4, Separating is discharging, relocating,
laying off, or retiring. Discharging
means firing. Relocating is changing
an employee to a work site which is
often far away from the place where
he has been working. Laying off is the
temporary release of an employee
during a cutback in the number of
workers. Lack of work, breakdown of
equipment, and bad weather are a few
of the many reasons for laying off
workers. Retiring means that older
workers must quit when they reach a

certain age. Most companies set an
age limit beyond which employees are
not permitted to work for the company.

Effects of Advancement

Many things happeh as a result of ad-

~vancing on the job. Promotion wusually

means more pay. One’s income determines
the goods, services, and luxuries that an
employee and his family can enjoy.

In addition to the economic effects of ad-
vancing, there are social effects. People
tend to have friends who have jobs at much
the same level they do and who earn about
the same amount of money. It is often con-
sidered to be poor management practice for
those in high positions to get together so-
cially with the persons they supervise.

-
.. AU

Therefore, advancing often causes a change
in social status and prestige. For example,
a shop worker is made a foreman. He will
probably make new friends and give up old
ones because of his new job position. When
job advancement means moving to a new
place, the social effects are even greater.
New community ties must be made, schools
must be changed, and new friendships are
made by all family members.

In addition to the economic and social
effects of advancement, a person often
changes within himself. A promotion, espe-
cially when it is given because a person
does very good work, gives the person con-
fidence, a sense of accomplishment, and a
better feeling about his own worth. Ambi-
tion to get ahead and to do the best job
possible often develops within a person af-
ter he has been promoted. Also, his attitude
toward his job may be changed from that of
unhappiness to that of satisfaction.

Fig. 28-4. A college graduate engineer discusses -
plans with a job superintendent.
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We have given only a few of the effects There are three kinds of progression: (i)

DITBIRARITR A I P 5 AR s s - E Ry e VORI

of advancement. There are many more
possible effects. Advancement concerns not
only the employer and the worker, but also
the worker's family, the community, and
the whole society of which he and his family
are a part.

Summary

Advancement practices are very impor-
tant in industry. They may affect an em-
ployer’s hiring and recruiting program,
because many persons wanting jobs consider
an employer’s advancement practices when
choosing a company for which to work. In
addition, an employer must think about what
advancement plans he has for a person he
hires. Poor advancement practices may lead
to poor employee morale and turnover
problems. :

A worker’'s career progression depends
upon advancement practices. Progression is
any movement within a person’s work life.

Fig. 28-5. A person's salary determines the goods,
services, and luxuries that his family can
enjoy.

positive, (2) negative, and (3) lateral.

There are four kinds of advancement
practices: (1) promoting, (2) demoting,
(8) transferring, and (4) separating. Re-
tiring may be considered to be a special
and permanent form of advancement prac-
tice. The advancement of the worker in his
job is very important to his satisfaction on
the job. In addition, advancement has edu-
cational, socizl, individual, and economic
effects, Fig. 28-5.

Terms to Know

advancement - community ties
morale advancement
career progression practices
a. positive a. promoting
progression b. -demoting
b. negative c. transferring
progression d. separating
c. lateral prestige
progression competition
turnover '
Think About It!

1. Compare promotion on a job with promo-
tion to a higher grade level in school.

a. How are ambition and hard work in-
volved in both school and job advance-
ment? ' .

b. How is promotion to a foreman'’s job
different from promotion to the eighth
grade? (Give several differences.)

2. Explain discharging, relocating, and lay-
" ing off. ' R
3. What would you want to know about the
advancement practices of a construction

firm if you were looking for a permanent
job? :

o R N e
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You have learned that the construction
industry is a managed production system.
During the past several weeks, ’

1. You have been studying the management
practices of planning, organizing, and
controlling the work to be done, Fig. 29-1.

2. You have learned that every construc-
tion project begins with a want or need.
To satisfy this need, certain things must
be done:

a. The goals must be decided upon,

b. The design must be created,

c¢. The organization must be set up, and

d. Controls must be set up to insure that

the goals of the project will be met.

3. You have also learned how bids are pre-
pared and contracts made.

4. Most recently, you have studied the per-
sonnel practices used in construction.

Fig, 29-1. This structure could not be erected if it
were not for planning, organizing, and -
controlling. '
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Construction

‘Production

Technology

It is at this point in the construction story
that the production of the product begins.
Now, and for the next several months, you
will be studying the practices of produc-
tion. During this time, you will take part in
many of these practices and develop some
beginning skills in the using of tools and
materials of construction. As a result, you
should have a better understanding of the
skill and ability of skilled construction
workers. You should be able to understand
how your man-made surroundings have
been produced on a construction site.

Production

Producing any material object, whether it
is done on a site or in a plant, means to

Fig. 29-2. These men are storing materials on the
site to be used when needed.

f
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change the materials to increase their
value. All raw materials are either grown or
are taken from nature. Industrial produc-
tion is the changing of these raw materials
into something which has more value for
the buyer. One of the reasons why the
United States has become the wealthiest
nation in the world is that we have had the
ability to change the raw materials of the
land. These practices of changing materials
are called industrial production technology.
Construction production technology is that
group of practices which are used to change
niaterials on a site.

To learn about these production practices,
it will be helpful to learn how to classify
them. All production practices may be clas-
sified into three divisions: preprocessing,
processing, and postprocessing. Each of
these major divisions of production prac-
tices has a more detailed set of classifica-
tions within it.

Preprocessing Materials

Producing material goods may be thought
of as processing materials. However, before
materials can be processed, they have to be
prepared. This preparation (or getting ma-

Fig. 29-3. A piece of wood is changed by separating.

103
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terials ready for processing) is called
preprocessing.

Preprocessing involves practices of:

1. Receiving,

2. Handling,

3. Storing, and

4. Protecting.
These practices also go on throughout the
production period, Fig. 29-2.

Not all the materials needed to construct
a building arrive at the site at the beginning
of the project. They arrive at the various
times when they are needed. When the ma-
terials arrive at the site, they must be re-
ceived and counted and moved to the exact
point where they will be used. Sometimes
they need to be stored until they are used.
At all times they must be protected from
loss or damage.

Processing Materials

Select an object and try to think of what
practices were used to produce it. Did the
producer have to cut the raw material? If

Fig. 29-4. Ceiling tile is installed by comblnlng
different materials.

. .
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Fig. 29-5. Electrical metallic tubing being formed

during installation,

Fig. 29-6. A lawn must be maintained by periodic
mowing.

XY

he did, he was separating materials. Did the

~producer have to mix materials together?

If so, he was combining materials. Did he
have to bend the materials? If this is true,
he was forming the materials. If you take a
piece of paper in your hands, what can you
do to change it? You can rip (separate) it
into pieces. You can also pick up another
piece of paper and staple the pieces to-
gether (combine). You can fold (form) the
paper. Therefore, you can change materials
by: (1) separating (taking away from the
materials), Fig. 29-8; (2) combining (add-
ing to the materials), Fig. 29-4; or (3)
forming (changing the arrangement of the
materials), Fig. 29-b.

Often these operations are used in com-
bination. For example, in building forms for
concrete, the materials are cut to length
(separated), then fastened together (com-
bined), and may be bent to form a rounded
shape (formed), Fig. 29-5.

Postprocessing

The life of a product does not end with
its processing. Many times a new part has to
be installed. Almost always it has to be
maintained. Sometimes the product must be
repaired, and sometimes it has to be altered.
All of the practices of installing, maintain-
ing, repairing, or altering are done after
processing. These practices are called post-
processing. More commonly, they are called
servicing.

The servicing of a home is a good example
of postprocessing practices. A home has to
be maintained in many ways by: (1) peri-
odically washing the windows; (2) mowing
the lawn, Fig. 29-6; (3) waxing the floors;
(4) repairing parts of the home; or (5) by
adding a television antenna or a room. The
skill and knowledge needed for postprocess-
ing are much the same as those needed for
processing. There is little difference between
putting in a window pane the first time the
home is built and replacing it a second
time. This is also true for adding on a room.

i i A
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The same practices are used for doing this
as were used to build the original structure.

You will recall that manufacturing is
done in a plant which is away from the
construction site. The product is then taken
to the place where it will be used, Fig. 29-7.
Construction is built and used in the same
place. Construction may even be defined as
the assembling of raw materials and manu-
factured products on a site. Construction
production and manufacturing production
are similar in that both involve preprocess-
ing, processing, and postprocessing. How-
ever, they do differ in the ways these
activities are carried out. For example,
earthmoving is a production practice of con-
struction but not of manufacturing. Can you
think of other examples? See Figs. 29-8 and
29-9.

The Construction Story

In the construction of any item, there is a
series of steps to be followed. During the
next few weeks you will be studying and
developing skills in the order in which they
are used. '

Fig. 29-7. Timber has been changed into lumber
which is used in making lominated wooden
beams.

Construction Production Technology 157

You should remember that all construc-
tion practices follow the same general
procedure :

1. The site must be prepared.

2. The foundation is set.

3. The superstructure is built.

4. The plumbing, heating, and air condi-

tioning are installed.

Fig. 29-8. This equipment is manufactured but is used
in construction. :

Fig. 29-9. Which of the items in this picture are
constructed and which are manufactured?
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5. The superstructure is enclosed.
6. The surfaces are finished.
7. The grounds are landscaped.

Preparing the site. To prepare the site,
it has to be cleared of all unwanted ob-
jects, Fig. 29-10, After the site has been
cleared, and sometimes during the time
the site is being cleared, temporary shel-
ters are built and temporary utilities such
as water and electricity are installed.
Once the site has been cleared and the
temporary facilities have been set up, the
site is surveyed to locate where the
structure will be. Earthmoving is the last
step in site preparation, Fig. 29-11.

. Setting the foundation. After the site

has been prepared, the foundations or
substructures (part below ground) are
set, Fig. 29-12. Substructures are the
bearing surfaces, footings, foundation
walls, or piers.

Building superstructures. When the sub-
structures are completed, superstruc-
tures (part above ground) are built.
Superstructures rest upon the substruc-
tures. The skeleton of a superstructure
is set up first.

Installing utilities. Then plumbing, wir-
ing, heating, and cooling systems are
installed.

Enclosing the superstructure. If the
structure is-a building, the superstruc-
ture must then be enclosed. This is
usually done by attaching panels of wood,
steel, or glass to the skeleton or by en-
closing the framing with brick or stone.

Finishing the surfaces. Next, the sur-
faces of the structure which need it are
finished. This is the attaching of the
final surface coatings and trim, and
painting and decorating.

Landscaping the site. Finally, temporary
facilities are removed, and the landscap-
ing is completed, Fig. 29-13.

After the constructed product is com-

pleted, provisions are made for servicing it.
That is, the practices used in constructing

16

Fig. 29-10. This equipment is preparing the site by
removing unnecessary buildings.

Fig. 29-11. This equipment is used to remove earth in

site preparation.

~ » -
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Fig. 29-12. This is a substructure showing the
foundation wall.




may be used again, when necessary, to keep
the structure in good condition. Under-
standing this general procedure in construc-
tion will make it possible for you to

understand each construction practice re-

gardless of whether the product is a
building, a highway, or a dam.

Summary

Industry changes the form of materials
(1) combining, (2) forming, and (3)
separatmg them. The knowledge of how to
work these changes is called industrial pro-
duction technology. In actual construction
and manufacturing, production technology
often requires using combinations of these
three major ways of changing the form of
materials to complete common tasks.
- Production often requires combinations
of combining, forming, and separating

materials: in preprocessing (getting ready
to produce), vprocessing (producing the ma-
terials), and postprocessing (using the

Fig. 29-13. These men afé landscaping a site. v

Construction Production Technology
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materials and servicing them). For the next
several weeks, you will be studying and
using construction production technology
according to the general sequence (order)
which is followed in the construction

industry.

Terms to Know

production processing
industrial a. separating
- production b. combining
technology ¢. forming
construction postprocessing
production a. installing
technology b. maintaining
raw materials ¢. repairing
preprocessing d. altering
a. receiving temporary shelters
b. handling temporary utilities
c. storing excavated
d. protecting substructure
superstructure

Think About It!

1. Even before a structure is begun, ma-
terials start arriving at the construction
site. Other materials arrive later.

a. What kinds of preprocessmg do these
materials go through?

b. Why does a contractor not want all
the materials delivered to the site at
one time? .

2. Changmg the materials in a factory or at

" a construction site is called processing.
Name some materials that are processed
by :

a. Separating (making smaller pieces
from a large piece or takmg some
away from a piece).

b. Combining (putting ~ together two
pieces of the same material or put-
ting one material with another).

c. Forming (changing the shape without
adding anythmg or taking anythmg
away).
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Once the contract is given to the contrac-
tor, he must plan to move men, materials,
and equipment to the site. This lesson tells
about the different steps taken to get the
project started on the site. '

Following Laws

In most construction areas, there are
many laws that a contractor must follow.
It is important for him to know these laws

Fig. 30-1. A *No Parking" meter bag is placed over
a meter near or at the construction site
so that the space con be used for loading
and unloading materials.
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Getting Ready
to Build

before he begins to plan the project. He
must follow the laws carefully from the
beginning to the end of the project. These
laws may be national, state, county, town-
ship, or city laws.

An example of national laws is one which
requires all employers to keep many rec-
ords on their business operations and on
their employees. State projects must follow
state laws. For example, states may have
laws which say who can and cannot qualify
as an engineer, architect, or contractor.

Cities and townships have many regula-
tions and laws that apply to anyone con-
structing in their areas. For example, often
there are zoning laws which limit what can
be built in each area of the city. The major
city zones are: (1) single family housing,
(2) multiple family housing (apartment
building), (8) general shopping areas, (4)
commercial areas, (b) light industrial
areas, and (6) heavy industrial areas.
Some areas also have added restrictions
such as: (1) minimum size of lot, (2) maxi-
mum size of building unit per lot, (3) maxi-
mum height of building, and (4) minimum
floor space.

To make sure that each project follows
the laws for a certain site, city laws often
require that a building permit (license) be
obtained for any project costing over $250.
This permit must be posted in a place on
the site for authorities and the public to
see. A building permit is even needed for
making additions or alterations to existing
projects.

Sometimes large and heavy equipment
must be moved to a site. Special plans have
to be made with the highway departments
or police so that the equipment may travel
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on the roads. Many streets and highways
are limited to certain loads. Only under
special agreement is the contractor allowed
to move heavy equipment over these.

Many of you may have seen brown bags
covering parking meters at construction
sites in cities, Fig. 80-1. Local police have
given permission for the contractor to use
these spaces to unload or load materials at
the construction site. This permit must be
clearly displayed in the contractor’s office.

Keeping Safe and Protected

In all phases of construction, safety and
protection are very important. There must
be safety and protection of: (1) the general
public, Fig. 80-2; (2) workers, Fig. 30-3;
(8) property close to the site; (4) the site
itself, Fig. 30-4; and (5) equipment and
materiale. This responsibility is not taken
lightly by a contractor. Most contractors
have insurance against accidents and other
problems which may come about on a con-
struction site. However, they still must rely
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Fig. 30-2. Pedestrians are protected from falling
material by a sidewalk canopy.

Getting Ready to Build 161

on their good judgment in seeing that they
and their subcontractors take all possible
steps to avoid accidents or other safety
problems.

The best site, as far as protection is con-
cerned, is a place which is cut off from the
outside. At any site there is always the

Fig. 30-3. A construction worker wears a helmet for
protection.

Fig. 30-4. Wire mesh fence is used to control
trespassing on the site.

275
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danger of having material and equipment
stolen. To keep this from happening and to
better control the entry and exit of ma-
terials, equipment, and workers to and from
the area, walls or fences are put around the
site and traffic may move only through
certain gates. Then a count can be kept of

what goes in or leaves the site. Also, un-

wanted visitors can be kept from entering
the site. At certain sites where workers
must wear protective clothing, eye glasses,
or helmets, the safety materials can be
checked at the gates. '
Protecting . neighboring property is very
important in any project. When structures
or valuable natural growth are on property
next to the site, steps must be taken so that
the project works will not harm them. If
digging exposes neighboring walls or soil,

ing to keep them from sagging or collapsing.
If there is any damage to the property
around the project, such as the breaking of
curbs or sidewalks, this is repaired by the
contractor.

Getting to the Site

In most cities, existing streets are used
to get to the site. In rural areas, the con-

Fig. 30-5. The arrows point to shelters used on a
construction site,

-
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- they must be protected by shoring or brac- -

0)

tractor sometimes must build his own roads
to get to the site.

Within the project, sometimes walkways,
usually made of wood, are built for the

workers and visitors to use. They help be- -
cause almost all sites are bare earth. Since:
sites are not protected from rain, persons.

must walk through mud to their jobs unless
these walkways are made.

Providing Temporary Facilities

Depending on the size and kind of a new
project, shelters may be made or. the site
for: (1) construction materials, (2) equip-
ment, (3) offices, (4) sanitary facilities,
(5) laboratories, (6) maintenance shops,
and (7) many other things. These tempo-
rary facilities are required at the sites for
large bridges, dams, airports, defense in-
stallations, and other projects which take
months to build. See Fig. 30-5.

Weather can cause serious problems in
any construction project. Protecting work-
ers, materials, and equipment from weather
is a must. At most sites, temporary, over-
head shelters are built. To protect equip-
ment and materials, tents, canvas, or plastic
covers often are used.

Fig. 30-6. A truck trailer is used for storing and
protecting material.
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In most projects of any size, each trade
group (heating and ventilating workers,
plumbers, electricians, steel workers, car-
penters) needs its own office and storage
areas. Many of the -shelters, especially
those for offices, are prefabricated (built
in sections) and put together at the site.
Trailers are very popular because they can
be easily taken from site to site. Trailers
often house the tools and equipment needed
by the different craftsmen. They are
brought to the site and put out of the way
of the work going on. Then they are jacked
up and blocked in place, Fig. 30-6.

The contractor may use a trailer for of-
fices for his superintendents, foremen, en-
gineers, or the supervising architect. The
timekeepers and the storckeepers also need
places where they can work, Fig. 30-7.

Temporary shelters must all be planned.
In cases where the project is in the middle
of a city and construction takes most of the
site space, the local government or police
may be asked to give permits so that parts
of the street may be blocked for storage
and office space. Where there is little
space, some of the craftsmen will not come
to the job until the foundations and the
basement or first floor are partly com-
pleted. They may then use these areas for
offices and storage.

Fig. 30-7. A house trailer is used as an office on a
construction sife.
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Providing Utilities

Electricity is needed not cnly for lights
but also to run pumps and shop equipment.
To get the needed electricity, power lines
are brought into the site, or a generating
plant is set up on the site. Usually, power
lines are close to any construction area.

Telephones or radios are a must at all
projects of any size. These are put at a cen-
tral location, Portable, two-way radios are
a great help on projects. The foreman, the
superintendent, project engineers, and the
offices can all be connected by radio. Even
workers directing heavy equipment can do
this by two-way radio, Fig. 30-9.

Water is needed at any project. It is used
for sanitation, construction work, and drink-
ing. It is needed for fire protection, mixing,
cleaning, water-cooled equipment, and for
many other things. Water lines can be
brought to the site from nearby water
mains. When these are not near, water
tanks on trucks can be used. In many re-
mote areas, pumping stations are placed
near rivers or lakes to bring water to the
project. In other cases, water wells are dug
close to the site. When the contractor gets
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Fig. 30-8. Utilities and fresh air are needed so that

people can work in this tunnel.
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drinking water directly from the wells, riv-
ers or lakes, he must use special filters and
chemicals to remove impurities.

Summary

In most construction areas, there are
many laws that a contractor must follow
from the time he moves to the site until the
project is finished. These include national,
state, county, township, or city laws. Also,
in all phases of construction, there must be
safety and protection of: (1) the general
public, (2) workers, (3) property close to
the site, (4) the site itself, and (5) equip-
ment and materials.

Often temporary facilities and utilities
are needed at construction sites. These in-
clude offices, storage space, electricity, tele-
phones or radios, and water to name a few.
Laws, safety and protection, facilities, and
utilities must always be considered when
getting ready to build.

The next lesson tells about clearing the
site before construction begins.

R
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Terms to Know

zoning laws shoring

maximum temporary facilities
minimum temporary utilities
building permit prefabricated
qualify communication
trespassing sanitation

Think About It!

1. Zoning laws place limits on construction
in each area of a city.
a. Name the major kinds of zones.
b. Describe some other restrictions or
limits that may apply in some areas.

2. Safety and protection are very important

in construction.

a. At a construction site what and who
must be protected?

b. What dangers must they be protected
from?

c. Describe some ways in which the con-
tractor provides for safety.
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Getting Ready To Build

~Public

~Workers
~Adjacent property
~Building site

-Equipment
and materials

-Materials
-Equipment

- Offices
~-Sanitation
-Laboratories
-Maintenance

Electrical power
Communications
Water
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This lesson tells how a site is prepared
and cleared. You will learn some of the
terms, problems, and equipment used for
preparing and clearing operations.

Site Factors

Site factors (things about the site) are
important to those who prepare and clear
the site. The size of the site, the amount
of natural growth, man-made and natural
obstacles (Fig. 81-1), the location of the
site, and what is around the site are exam-
ples of important site factors.

What site clearing practices are used de-
pend upon the problems found on a particu-
lar site. The contractor must know all
about the site and about site clearing
practices.

The most common sit. clearing practices
are: (1) demolishing, (2) salvaging, (8)

Fig. 31-1. Only smoll equipment is used to cleor the
mon-made obstacles from this site. The
workers are using oir-powered breakers.
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cutting, (4) burning, (5) earthmoving, and
(6) disposing. We will look at examdles of
these operations.

Demolishing

Demolishing means destroying. If we de-
molish by using high explosives, we call this
operation blasting, Fig. 81-2. When bulldoz-
ers or wrecking balls are used, it is called
wrecking, Fig. 31-8.

Using explosives has become popular for
small projects in recent years. The develop-
ment of safe, plastic explosives during
World War II brought about a change in
the use of blasting techniques. When high
chimneys are demwolished, properly placed

Fig. 31-2. Blosting, one method of clearing o site, is
exciting to watch.
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explosives will bring the chimney down into  31-4. Experiments with high explosives,
a fairly neat pile of rubble. Plastic explo- even nuclear devices, have been made to
sives are now used for clearing stumps and make channels for rivers or gravity irriga-
trees and for breaking up boulders, Fig. tion systems. Blasting can be used both to
create and to destroy.

Wrecking can be done with many me-
chanical devices. A crowbar is a hand tool
which is often used by men in the wrecking
field. A crawler tractor with a bulldozer
blade is often used. For tall structures, a
crane with a wrecking ball is used. This
heavy steel or metal ball hung on the end
of a cable is swung as a battering ram
against the structure to be wrecked.

Salvaging

There are many times that the things on
a site have some value and should be saved
for use on another project. Saving things
from being demolished (destroyed) is
called salvaging. This can be done by tear-
ing down, taking apart, or removing the
wanted material from the site. When a
building is to be demolished, most electrical
switchboards, plumbing fixtures, doors, and
windows are salvaged. See Fig. 31-5.

Fig. 31-3. A wrecking ball is used to demolish this
building.

Fig. 31-4. Plostic explosives can be easily and sofely Fig. 31-5. After this disaster, efforts will be made to
loaded intc a bore hole. salvage ports of this house.
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Cutting

Cutting has many uses. In wooded areas,
cutting means bringing down timber by us-
ing axes, explosives, or saws. Cutting also
can be done with a torch to cut through
pieces of metal. For example, old steel tow-
ers or bridges are cut in this way.

Special equipment can be used, Fig. 31-6,
when areas are cleared where there is not
much timber or brush. Crawler tractors
with bulldozer blades can push over trees
up to 18” to 20” in diameter. When trees
are not too large, two crawler tractors with
a heavy steel cable connecting the two can

Fig. 31-6. This lorge area was best cleared by using
o large crawler tractor with bulldozer
blades.

Fig. 31.7. Heavy equipment using a chain drag to
cleor o site.

be used. Usually a heavy steel ball is placed
on the cable halfway between two tractors.
The tractors, along parallel lines, pull the
cable and the ball. The ball keeps the cable
down close to the ground and tramples the
small trees. The cable slices through the
brush and pushes over small trees. See
Figs. 31-7 and 31-8.

Burning

When wood cannot be used or vegetation
has to be cleared, one of the best ways of
destroying is by burning, Fig. 31-9. This

Fig. 31-8. Two crawler tractors are pulling o heavy
boll and cable to cleor the site.




can be done by setting a fire under con-
trolled conditions. By using special fuels,
vegetation—even when green—can be set
on fire. Many times jungle sites are set on
fire. After the fire has burned everything
that it can, bulldozers are used to clean up
the site.

Earthmoving

Earthmoving is used in clearing many
sites. In addition, earthmoving may be a
major part of the construction work on
heavy construction projects such as high-
ways, tunnels, and earthen dams. Earth-
moving will be studied in a future assign-
ment which is all about earthmoving prac-
tices.

Disposing

Disposing means removing from the site
materials that are not wanted. Disposing
may be done by burying, burning, or haul-
ing away.

Fig. 31-9. Clearing a site can be done by burning
materials that have been removed.
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Examples of Preparing and Clearing

An important point to remember is that
often more than one of the major opera-
tions is used to prepare and clear any one
site. Sometimes there are also special prob-
lems. The following examples will give you
a better understanding of the many things
involved in preparing and clearing.

Some projects require that the land itself
be changed. When a large dam is to be
built, part of the preparation of the site
might be to change the river flow from the
area where the dam is going to be built.
This, in itself, is a major engineering proj-
ect, Fig. 31-10. This means that new chan-
nels or tunnels must be dug so that the flow
of the river water can bypass the site of
the dam. Other times, only a small change
needs to be made. If a factory needs more
space, the site preparation might mean only
clearing out the parking lot next to the fac-
tory for a construction site.

In some cases, structures that are al-
ready there might have to be removed to
make space for the new, Fig. 31-11. In ur-
ban or city areas this often must be done

Fig. 31-10. To build this dom, the flow of the river
must be changed.
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when older buildings are on the sites where
a new project must be built.

There have been occasional newspaper
reports of contractors who began to clear
a site and, by mistake, brought down or
started to bring down the wrong building.
To avoid this, proper engineering prepara-
tion must be made so that everyone knows
exactly where the site is, what work is to
be done, and where it must be done.

To show the many kinds of sites used,
we might talk about the modern approach
to the erection of transmission line towers
at hard-to-reach sites. By using helicopters,
men and materials are brought to the site
where the towers are to be built. The area
is cleared to the shape needed for each
tower. The towers are built using helicop-
ters as cranes, Fig. 31-12. Once the towers
are finished, helicopters help to string the
wire between them. Preparing the site, in
this case, is nothing more than clearing an
area to build the tower.

At some sites high water level is a prob-
lem. In order to have solid ground on which
to work, the water level must be lowered

Fig. 31-11. A structure being moved from its old site
to a new site.

-
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Fig. 31-12. A helicopter is used to tronsport sections
of a metal tower to o site thot is hard
to reach.

Fig. 31-13. A cofferdam is used to keep water from
the construction site.
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by pumping or draining the water to a place
where the level is lower.

There are special problems when working
in water. Man is not well suited for working
under water. Therefore, if he is to work
under water, a way must be found to help
him. The most popular methods are to pro-
vide caissons or cofferdams. Caissons are
large tubes which are placed through water
to solid ground. When the caisson is emp-
tied of water, this gives a dry place for
working.

Cofferdams are a series of cells, or units,
which sit on the bottom and are filled with
soil and rock. These units are placed next
to each other to make a wall around the
site. The area within the cofferdam is then
emptied of water to make a dry area. See
Fig. 31-18.

Summary

You have learned in this lesson that many
factors are important in preparing and
clearing a site. The major operations most
often used for clearing the site are: (1) de-
molishing, (2) salvaging, (8) cutting, (4)
burning, (5) earthmoving, and (6) dispos-
ing. An important point to remember is that
more than one of these operations often
must be used to prepare and clear one site.
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Terms to Know

prepare the site vegetation
site clearing obstacles
operations a. man-made
a. demolishing obstacles
(1) blasting b. natural
(2) wrecking obstacles
b. salvaging explosives
c. cutting plastic explosives
d. burning bulldozer
e. earthmoving bypass
f. disposing caissons
cofferdams
Think About It!

1. Give the name or location of one struc-
ture or building in your neighborhood or
city that is in the process of being de-
molished.

2. Where are the unwanted materials from
demolished structures in your commu-
nity placed or disposed? Can some un-
wanted materials be burned in your
community?

3. In your telephone directory find the
names of two companies that are in-
volved in practices of “clearing the site.”

e o




Earlier in this course you studied how
surveying and mapping practices are used
to locate and desciibe a site. When it is time
to begin construction work, surveying prac-
tices are used again, this time to locate the
structure on the site. The importance of lo-
cating the structure and two major ways of
doing it are discussed in this lesson. One set
of practices is used for locating highways
and things like airports. Other practices are
used for locating structures such as houses,
bridges, and concrete dams.

Importance of Surveying

Once the site has been cleared and tem-
porary facilities have been set up, the work-
ers must know the exact location and size of
the structure to be built. The location has
been shown on the drawings, but it must be
laid out on the site. The surveyor is the man
with the training and equipment needed to
do this job. Through his training and ex-
perience, and with the help of measuring
equipment, he can take dimensions from a
set of plans and mark them on the site. See
Fig. 32-1.

A surveyor uses a measuring tupe and
transit to measure horizontal distances and
angles, Fig. 32-2. To measure vertical dis-
tances, he uses an engineer’s level and a
level rod, Fig. 32-3. With surveying equip-
ment, the surveyor shows construction work-
ers the exact Iccation and size of the struc-
ture they are to build. The workers then
are able to put materials in the right place
to construct a building or « highway as it
has been shown on the drawings. Even
though most people do not see the direct re-
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sults of the surveyor’s work, his job is
important and must be done carefully.

Surveying for Highways

The first and most important part of lay-
ing out n highway is to find the correct
direction. The surveyor does this by finding
existing highways, trees, survey stakes al-
ready set, or other landmarks on the plans.
The plans show the exact location of the
highway to be built in relation to these land-
marks or {eatures.

Fig. 32-1. A surveyor is sighting for o locotion or o
measurement.




Once the surveyor has found these fea-
tures, he uses them along with a transit and
measuring tape to find the center line of the
proposed highway, Fig. 32-4. Stakes are
then set along the whole center line about
50° to 100’° apart. The most important

Fig. 32-2. The transit pictured here and a measuring
tape are used to measure horizontal
distances.

Fig. 32-3. This engineer’s level and a level rod are
used to measure vertical distonces.
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points along the center line are called con-
trol points. These usually show where two
lines cross or where the center line turns.
These control points are well marked with
flags and stakes to keep construction equip-
ment from running over or bumping them.
All measurements are put in a notebook for
future use. After the center line has been
found, the surveyor measures horizontally
from it to both sides and finds the edges of
the pavement. The horizontal measurements
needad for earthwork are then complete.

The vertical measurements must then be
made. There are also control points for ver-
tical measurements as there are for horizon-
tal measurements. These are called bench
marks. Bench marks are points of known
clevaiion or height above sea level. The loca-
tion of several bench marks is shown on the
plan. The surveyor uses his level and rod to
find the height of the ground at each of the
center line stakes.

Then, by comparing the real elevations
with those shown on the drawings, he can
find how much cut or fill is needed to build
accordin;* to the plans. The word cut means
the amount of earth which must be cut away
and removed to get the right elevation or
height. The word fill means the earth which

Fig. 32-4. The center line of o .proposed
superhighway is shown on this aerial photo.
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must be filled in to get the right height.
The surveyor marks the amount of the cut or
fill needed on each center line stake. The
construction workers will later follow the
surveyor's marks when they grade the
ground.

The surveyor then marks the amount of
cut or fill on the stakes at each edge of the
proposed pavement. The cut or fill should
slope from these stakes to some point on the
ground. See Figs. 32-56 and 32-6. Thus, stakes
are also set at the place to where the cut or
fill is to slope. These stakes are called slope
stakes because they show the slope of the

| «—CENTER LINE

EXISTING
GROUND

PROPOSED
PAVEMENT \

CENTER LINE
STAKE

SLOPE STAKES

A

EXISTING

CENTER LINE GROUND

SLOPE STAKES
B

Fig. 32-5. Slope stoking shows where the earth is to
be removed or filled when the subsurfoce
of the povement is prepared.

A. These slope stokes show the orea to
be filled.

B. These slope stokes show the arec to
be removed.

2

4

LY

v

ground to be constructed. All vertical meas-
urements are then put in a notebook for
future use.

When the cut, fill, and other earthwork is
done, the surveyor must put up new stakes
for the workers to follow while they are
constructing the rondbed, Fig. 32-7. This is
done by beginning with the control points
and setting stakes on each side of where the
pavement should be. These stakes usually are
set about 25’ to 50’ apart and 2’ outside the
edge of the proposed pavement. The tops of
the stakes are set at the height that the
finished pavement will be. The level of pave-
ment will be at the top of the stakes. Other
workers will then lay the pavement by
following the surveyor’s stakes,

Fig. 32-6. Stokes indicate the amount of fill or cut
required for the grading.

Fig. 32-7. Heavy equipment is used in grading o
roodbed.
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All earthwork and highway projects are
surveyed in much the same way. Slope stakes
are used for the earthwork, and then more
stakes are put in to outline the pavement or
structure to be built.

Surveying for Buildings

Building plans generally show where the
building will be in relation to the property
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line or some other feature, Fig. 32-8. After
the surveyor has marked where the struc-
ture is to be on the site, he uses these mark-
ings to set control points. These are points
from which to measure both horizontal and
vertical distances. Control points are put
any place where they will be safe from con-
struction equipment.

The actual layout of the building is done
by using batter boards. These are made of

N

Fig. 32-8. The plot plan shows the relationship of the building to the properly lines.
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2” x 4” stakes driven part way into the
ground. A board is fastened to the tops of
these stakes. Then a nail is driven into the
edge of this board, or a saw cut is made on
the line that is being laid out.

To stake a wall of a building, the sur-
veyor locates it on the drawings and then
constructs batter boards beyond each end of

Fig. 32-9. Surveyors locate the walls of a building
according to plans.

BATTER BOARDS
WIRE os CORD

Fig. 32-10. The building loyout locates the shape
and size of the planned structure.
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the wall, Fig. 32-9. The batter boards are
placed far enough past the ends of the walls
to let construction equipment work without
bumping the walls.

Nails are driven into each batter board or
saw cuts are made where the exact line of
the wall should be. Then construction work-
ers stretch a wire or cord between the nails
or saw cuts to find the wall line. The sur-
veyor does this for each wall until the build-
ing is located. See Fig. 32-10. Corners are
located by intersecting (crossing) wires.
Other marks may be put on the batter
boards to mark the wall line, the founda-
tions, or columns. Sometimes separate batter
boards are constructed to mark each line.
Batter boards and the marks on them must
always be clearly titled to avoid confusing
one batter board mark for another.

Horizontal measurements and location
have been described. Vertical measurements
are also needed. Batter boards are usually
set with the top board at a known elevation
above the ground. A plumb bob then is hung
from the wire which is stretched between
the batter boards, Fig. 32-11. Vertical
measurements can be made along the plumb
line.

During the construction of large build-
ings, a surveyor looks through his transit
to make sure that correct locations are main-
tained, The surveyor uses a level and rod to
take vertical dimensions. He takes measure-
ments from the plans and the bench mark to
the actual building. The surveyor does this
many times during construction, especially
on multistoried buildings where it is impor-
tant that each floor be the right height. He
may also do this to check how much the
structure has settled during or after con-
struction.

Concrete dams, bridges, and many other
structures are laid out in much the same
way as that described for buildings. Often
surveying records are kept so they can be
used to check how much a project has set-
tled or tilted.
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Fig. 32-11. The plumb bob is used to locate vertical
points along the wire that forms the
building layout.
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Summary

Surveying is needed for locating struc-
tures on construction sites. This lesson has
explained what equipment is needed for
surveying and has described how surveying
is done for highway and building construc-

tion.

Terms to Know

surveying
mapping
surveyor

lay out a site
transit
measuring tape
horizontal distances
vertical distances
engineer’s leve'
level rod

center line
control points
bench mark

Think About It!

elevation

cut

fill

slope stakes
grade a roadbed
roadbed
property line
batter boards
locating a building
plumb

plumb bob
multistoried

1. What do you think would happen if a
new home were incorrectly located and
built on a porticn of someone else’s prop-
erty? Ask your parents if they know of

an example.

2. List at least three kinds of construction
workers who would use surveying equip-
ment to locate structures on a site.

3. Have you ever seen surveyors working?
Could you tell why they were surveying?
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Moving earth, both soil and rock, has al-
ways been important to man. Early man
was limited in what earthmoving he could
do because he relied highly on his muscle.
Now man has huge pieces of machinery for
earthmoving. It is now possible to do more
work than was ever dreamed of by our
ancestors.

There are many kinds of earthmoving
equipment. See Figs. 83-1 and 33-2. The
types range from small farm tractors with
earthmoving attachments to large shovels
which, in only one bite, can carry enough
material to fill one railroad car, Fig. 33-3.
All this equipment is very expensive to op-
erate and maintain. Much of it is very spe-
cialized. The contractor, in many cases, will
have only some pieces of basic equipment.
When a job calls for special machines, the
contractor goes to a sub-contractor or a

Fig. 33-1. This power shovel is loading a truck that
will haul earth to another site.
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leasing or rental agency who has them.
Charges for the rented machines are based
upon the time the equipment is worked and
how much it costs to bring the unit to the
site and to return it

Transporting Equipment

Some earthmoving equipment is self-pro-
pelled and can be driven to the site, Figs.
83-4 and 33-5. Other units must be hauled
to the site on special flatbed trailer trucks.
Still other equipment is towed to the site.

The transporting of earthmoving equip-
ment may be complicated by many condi-
tions: (1) the distance to the site, (2) the
access routes to the site, (3) the height

Fig. 33-2. This scraper is moving earth from one
place to onother.



and width of the equipment, (4) the speed
and kind of wheels on the equipment, and
(6) the total weight of the equipment. The
limits of overhead utility lines, bridges,
number of lanes of traffic, and other things
to do with the road all have to be considered
when moving equipment.

Setting Up Equipment

Before the equipment gets to the site, the
contractor decides how he will use the ma-
chinery. All needed ramps, mats (which
give support on soft soil), assembly areas,
and parking aprons (used for servicing and
storage) are made ready ahead of time.
Once the equipment arrives, work is done
very quickly.

Excavating

Earthmoving is usually done by excavat-
ing (digging) material in one area and
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transferring (moving) it to another place
where it is either piled up, spread out, or
used as fill material (disposing).

Fig. 33-4. This dragline and bucket can move large
quantities of earth,

Fig. 33-3. Earthmoving equipment comes in many
sizes, depending on the job that it has to
do. Here just the bucket of a large
mochine can hold o piece of equipment
thet is toller than a man.

Fig. 33-5. This hydraulic excavator is self-propelled
ond con be driven from one job to another
by its own power. Here it is placing pieces
of rock to protect a river bank from
being washed away.
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C. .Typicol loose bulk excavation.

_ Fig. 33-7. Four of seven excavation classifications.
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Ezxcavating is done (1) to reach a good
base for a foundation, (2) to build base-
ments, (3) to make cuts through hilly land
for travel routes, and (4) to level uneven
ground. Shovels (Fig. 33-1), scrapers (TFig.
33-2), draglines (Fig. 33-4), clamshells
(Fig. 33-6), and hoes (Fig. 33-9) are some
of the big machines used for this work.
Tractors with special attachments, pumps,
trenching machines and loaders, are some of
the smaller units used.

Excavating is classified seven basic ways:

1. Bulk pit excavating. This is the digging
up of a wide and deep area. The loose
material must be hauled away from the
site. Access to this excavation is very
limited. An example would be a base-
ment being dug for a downtown building
which is between two existing buildings.
See Fig. 83-TA.

B. Typical bulk wide-areu excavation,

FLOW OF
EARTH \\
V.d -«»@*spon.:

’i«

VERTICAL SECTION

D. Typical limited-areq, vertical excavation.
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Bulk wide-area excavating. These areas
are wide but fairly shallow, and there is
easy access to them. The process is
mainly one of leveling. An example is the
grading for a highway or an airfield. See
Fig. 33-7B.

Loose-bulk excavating. The material is
not hauled away, as in the above two,
but it is piled into a new position. Wet
clay is the type of matter that is moved.
An example of this excavating practice
is the way in which soil is moved in mak-
ing dikes in order to form1 a pond. See
Fig. 33-7C.

Limited-area vertical excavating. This
kind of excavation is done mainly by
digging vertically. It may be used to dig
a basement. The sides of the excavation
may be braced or shored. The material
is lifted up and over the sides of the ex-
cavation. See Fig. 33-7TD.

Trenching. In trenching, the excavation
is long and narrow. The trench must be
wide enough so that conduits, pipes, and
other underground materials can be
placed into it. The spoil (removed earth)
is piled on the surface at the sides of the

Fig. 33-8. A trencher is used to dig a deep, wide

trench below the earth's surface.
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trench. It is used later to refill the trench.
See Figs. 33-8 and 33-9.

. Dredging. This kind of excavation deals

with the removal of soil or other mate-
rials from under water. It is much the
same as loose-bulk excavating. For ex-
ample, this practice might be used in
making harbors or river channels deeper.

. Tunnel excavating. Tunneling is not usu-

ally considered under the heading of
general excavation, because it is done
completely underground. See Fig. 33-10.

Fig. 33-10. An earth auger is used to dig tunnels.
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Sometimes tough or dense material must
be loosened before it can be excavated. The
most common techniques for loosening these
materials are: (1) blasting, (2) breaking,
(8) scarifying, and (4) ripping.

Blasting is done mostly to rock, Figs. 33-
11 and 38-12. An explosion caused by high
explosives placed as charges in special
places in the material causes the rock to
break into pieces.

Fig. 33-11. Rock is being loosened by blasting.

Fig. 33-12. Flcst holes are drilled where rock must
be blasted away.

Breaking is the applying of strong blows
to tear up hard materials. Air hammers are
examples of breaking tools.

In both the scarifying and 7ipping proc-
ess, much tough or dense material is loos-
ened by running blades or teeth through it.
This is like plowing. Scarifying is usually
done in the upper 18” of soil. Ripping is
done by pulling one or two large teeth with
a tractor to loosen material down to depths
of 22 to 3. Ripping is used instead of
blasting wherever ripping equipment can
get to the area and where materials are not
too hard. New advances in heavy equipment
and ripper design are making the rippe:r
very popular in the field. See Fig. 33-13.

Earth that is readily workable or which
has been loosened is excavated. Then it is
moved out of the way.

Transferring and Disposing

Excavated materials, called spcil, are
transferred or moved fron: one place to an-
other, Fig. 33-14. Then, they are disposed
of. The spoil may be stored for reuse on the

Fig. 33-13. This crawler tractor wiih ripper
attachment loosens the earth.
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site or for possible sale and later use on
other sites. Spoil may be disposed of by
using it for fill or top dressing. Filling is
the leveling of low spots, while top dressing
is the spreading of a thin coat over an area.
Transferring and disposing are often done
at about the same time, and some of the
same equipment is used for both operations.
See Fig. 33-15.

Transferring liquid waste such as water
from a construction site takes different
kinds of equipment and operations. Rain
may cause problems such as the collapsing
of walls and the filling of holes. Equipment
may even get stuck in the mud. Pumping
is a normal way to transfer water from the
site. This allows work to continue. Portable
sump pumps, which ave operated by electri-
cal or gasoline power, are easily lowered
into the excavation. 'The water is pumped
through lengths of piping to another loca-
tion away from the working area or directly
into storm sewers.

On some construction sites, spoil may
only be pushed or moved out of the way of

s T DY

Fig. 33-14. Dump trucks are used to haul spoil from
one place to another.
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the workers. This is done when the mate-
rials are to be used again on the site or
when it is to be sold, dumped, or spread.
A contractor will sometimes have the spoil
arranged in mounds, slopes, or hills around
the construction site. Topsoil might be put
on it and grass and shrubs might be planted
in it to make it attractive, Fig. 33-16.
Spoil also may be used to raise the gen-
eral level of the construction site. Again,
in this case, the topsoil is saved separately
and used as the top layer to make landscap-

Fig. 33-15. Spoil is being removed and loaded by o
wheel-type excavator.
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Fig. 33-16. Crawler tractors with dozer attachments
push spoil from one place to another.
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-ing easier. Spoil may also be used to fill old transporting b. bulk wide area

gravel pits, washed out trenches in the land, flatbed truck c. loose bulk

and other holes. excavating d. limited area
disposing vertical

Summary transferring e. trenching
trading f. tunneling

It is often necessary to excavate certain loosening methods g. dredging

materials so workers may prepare a founda- a. blasting fill

tion or install pipe lines or other under- b. breaking top dressing

ground works. Spoil or loose materials must ¢. scarifying pumping

be used on the site or be transferred to d. ripping sump pump

some other place. chain conveyor man-hour

The equipment and procedures used in
excavating and relocating earth materials
are similar regardless of the kind of con-

struction. Often the only differences are in  Think About It!
the power of the equipment and the number '
of man-hours needed to do the work. 1. Identify one place in your neighborhood

where earthmoving is now going on. Why
is it being done?

2. Why do earthmoving contractors like to
have their equipment in use as many
hours a day as possible?

Terms to Know

ancestors
self-propelled

types of excavating
a. bulk pit

General purpose excavating clamshell.
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Handling
Grievances

You have read that unions and employees
negotiate a collective bargaining agreement.
One of the important parts of this agree-
ment is a statement of the rules for han-
dling worker complaints which may come
up while the agreement is in effect. These
rules are called grievance procedures. In
this lesson you will study: (1) what prob-
lems are covered by grievance procedures,
(2) why grievance procedures are needed,
(3) what grievance procedures are, and (4)
the results of poor grievance procedures.

Problems Covered by Grievance
Procedures

A person has a grievance when he be-
lieves that he is not getting the praise, re-
wards, working conditions, or satisfaction
which he deserves. You could be said to
have grievances about the way you were
treated if, for example,

1. You ask your parents for permissicn

to watch a television show about Abra-
v ham Lincoln, and they refuse, or
: 2. A baseball umpire declares you out
: when you feel you were safe.
] In your own life, a collective bargaining
agreement might be compared to the rules
of baseball. Before you begin a neighbor-
hood game, you decide on the bases, whether
or not you will use an umpire, and which
rules you will follow. After you begin the
; game, other problems may come up. These
" problems might not be solved through the
rules. If your team disagrees with an um-
pire’s ruling, then a discussion between the  Fig, 34.1, Tha referee in this game represents

two teams and the umpire may be neces- "management’’ and the players represent
sary. In this case, the discussion could be “labor."
Q Oy e 189
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Fig. 34-2. Men must be able to work together as a
team in order to preveni trouble.

Fig. 34-3. These workers seem very pleased with
their working conditions.

Fig. 34-4. In order to keep this job moving along,
good working conditions must exist.

compared to the grievance procedure for
labor.

For labor, there are two kinds of griev-
ances that are handled by grievance proce-
dures. There are: (1) grievances covered
by the collective bargaining agreement and
(2) grievances not covered in the collective
bargaining agreement.

In general, workers may use grievance
procedures for any complaint or grievance.
Grievance procedures, however, are not
useful for changing what has already been
decided in a collective bargaining agree-
ment. For example, if it is written in the
collective bargaining agreement that con-
struction laborers should receive $3.50 to
$4.50 an hour, a construction laborer could
not use grievance procedures to get a higher
wage during the term of the agreement.
However, he would have a grievance if he
were asked to do a cement finisher's work
and that salary was higher than that of his
classified position.

Most grievances are about working con-
ditions. Working conditions affect the worker
at his job. The danger involved in a job,
the way in which the tools and equipment
are maintained, and the foreman’s attitude
toward his employees may all be thought
of as working conditions, Figs. 34-3 and
34-4,

Why Grievance Procedures
Are Needed

The grievance procedure is a way of han-
dling problems before they lead to larger
problems such as strikes and unhappy
workers. Grievance procedures are a way
for: (1) making it easy for people to talk
to each other, (2) promoting understanding
of the way other people feel, and (3) letting
the workers know that their employer will
listen to their complaints. ‘

No matter hew understanding an em-
ployer and worker try to be, problems still
come up hetween them. The quickest and
best way of preventing trouble is to make
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sure that the people involved know they can
talk over a problem. In order to understand
one another’s feelings and problems, people
must be able to talk with one another, Fig.
34-5. The understanding gained in this way
may help solve small vroblems before they
lead to big problems.

If a worker does not feel an employer will
listen to a small grievance, he may begin
to resent the employer and to believe that
the employer cares nothing about his prob-
lems. If this situation continues over a long
period of time, it may make it impossible
for the employer and worker to work out a
solution. The worker’s resentment (un-
happy feelings) about a small matter then
may affect the way he feels about the em-
ployer, the way he hears what the employer
says, how he feels about the business, and
how he feels about his own job. When re-
sentment becomes that big, it is hard to
change it.

If, however, the worker knows that the
employer will listen carefully to his griev-
ance, then a small matter might be easily
changed, and the worker will be able to con-
tinue on his job feeling good about it and
his employer. The worker will know from
past experience whether or not the griev-
ance procedures work. If he knows that the

Fig. 34-5. A group ccnsisting of labor and
management is discussing problems at a
contract bargaining session.
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grievance procedures have worked before,
he will not be so quick to turn to strikes.

Grievance Procedures

Although grievance procedures are dif-
ferent in one part of the country than in
another, there are some things that are
important to any good grievance procedures.
These are:

1. At any grievance discussion, there
should always be representatives from
both the union and management.

2. Grievance procedures should always
begin with the lowest level of manage-

, ment, usually the foreman.

3. Progress should be orderly from one
level of authority to the next until a
satisfactory solution is found.

4. Management, at all levels, should have
the authority to settle the matter
without going any further. For exam-
ple, suppose your teacher rules on a
student grievance against school pol-
icy. It should be assumed that the rul-
ing will be supported by the principal,
superintendent, and board of educa-
tion. At each level there should be
enough authority to settle the issue
without going any further.

A set of grievance procedure steps for a
large company might be something like
that shown in Table 34-1.

As you can see, the first level of the
grievance process may be just a discussion
between the worker and his foreman. Many
times, however, a union representative or
union steward takes part in this discussion.
This first level is very - important. The
worker and the foreman are the two who
are most directly concerned with the griev-
ance. If they can solve the problem, many
delays and difficulties may be avoided.

As the grievance goes on from level to
level, misunderstanding of the original
problem may occur. Therefore, the griev-
ance ts put into writing to reduce possible
misunderstanding of the original or first

APNY
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problem. Sometimes this is not done at the
first level, but it is almost always done after
that. Grievances put into writing: (1) pro-
vide a record of the case, (2) allow people
at each level to read what was said in the
levels before, (3) help establish rules for
future cases, (4) are more official, (5)
cause employees to think carefully before
raising an unimportant problem.

Sometimes the employer and the union
cannot find a satisfactory solution to the
grievance. It is then necessary to use medi-
ation and in extreme cases, arbitration.
Sometimes mediation or arbitration are
written into the collective bargaining agree-
ment as final steps in the process.

When mediation is used, a neutral out-
sider or group of outsiders is brought to-
gether with the representatives from the
union and the employer. This outsider or
group of outsiders may make comments
which will help each side understand the
other so that they can work out their own
solution. A mediator cannot enforce his de-
cisions. An arbitrator studies the case and
makes a ruling which he can enforce.

Sometimes grievance procedures don’t
work. If this happens, both the union and
management suffer. Poor grievance proce-
dures may lead to unhappy employees. The
workers may develop the attitude that they
are working against the employer instead

Table 34-1

ol N

Grievance Procedur

e in a Large Company

i

These three parties will
probably discuss the
problem.

These two parties may dis-
cuss the problem and draw
up a written statement

of it.

These two parties will dis-
cuss the written statement
and may draw up a more
complete statement.

These two parties may

i attempt to solve the prob-
lem, and if no solution can
be seen, they may begin
steps toward having a
neutral observer meet with
the group.

They attempt to reach a
final solution.
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of with him. They may then produce a will not be able to get further contvacts,
smaller quantity of work and work of and everyone loses.

poorer quality., As a result, the employer ’i
4
Summary
Grievance procedures are ways for han-
A Problem dling worker complaints after the collective ‘
o bargaining agreement is drawn up. They
make it easy for the employer and the ]
worker to talk things over. By working to-
% gether, the worker and the employer at- ;
tempt to solve their problems before they B
Foreman b  get serious. In the construction industry, it
is only rarely that it is necessary to call in
a neutral outsider to arbitrate or mediate.
If the grievance process. fails, strikes and
L Foreman's unhappy workers and employers may be the
i Supervisor — result. This is harmful to both sides. Griev-
ance procedures help to build happy rela-
¥ tionships between workers and employers.
Terms to Know |
Local : ;
Management grievance mediation : 4
b Head I grievance procedure arbitration
collective bargaining - - solution )
E agreement ~ casual
£ _ working conditions
i National :
,1 -= Corporation | Think About It!
’ %, Executive 1. If you want to watch a particular tele-
é’ —= vision program, but your parents or
B o _-" brothers and sisters want to watch an-
s Noe” other, do you have a way (grievance
{ Mediation or Arbitration procedure) of settling your differences?
i If so, what is it?
! 2. What might happen on a constructlon'
* : . project if orderly procedures for han-
Solution to the Problem |' dling complaints were not agreed upon be-
fore they occur?
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Rough excavating may leave a crude
trench or pit which is unfit for the founda-
tion. It may also weaken the suppor% of
structures next to the excavation. Trimming
and stabilizing the bed and walls of the ex-
cavation may then be necessary, Fig. 35-1.
There are several ways in which trimming
and stabilizing are done. In this lesson, you
will read why trimming and stabilizing are
needed, how they are done, how each works,
and when each is done.

Reasons for Trimming and Stabilizing
the Bed and Walls of the Excavation

Trimming is done to make the excavation
ready for the foundation. Very often the
rough excavating does not leave a proper

Fig. 35-1. Heavy equipment, called a "front-end

loader," is used to trim and stabilize an
excavation pit and to load the material on
trucks. '

194 200

Stabilizing Earth
and Structures

place for the laying of the foundation. In
such cases, more exact excavating is done in
order to reach the planned bearing surface.
Soil which has slid into the open pit from
loose sides of the excavation must also be
removed, Fig. 35-2. Sometimes the founda-
tion is to be built on bedrock, crushed rock,
or gravel. If the rock is covered with mud,
this must be removed before there can be a
good bond between the concrete of the foun-
dation and the rock.

It may be necessary to stabilize the ex-
cavation walls. Stabilizing is done to malke
the walls hold their form and to keep them
from falling in. Stabilizing protects men,
equipment, and structures in or near the ex-
cavated area.

Trimming and Shaping'the Bed and
Walls of the Excavation

There are four major practices used for
trimming and shaping the excavation bed
and walls: (1) cleaning and washing, (2)
grading, (3) sloping, and (4) treating.
Which process is to be used depends on such
things as the condition of the soil, the kind of
excavation, or the weather in the area
where the work is to be done.

1. Cleaning and washing remove mud from
base rock. This is done so there will be a
good bond between the concrete of the
foundation and the base of the excava-
tion. This is done by high pressure water
hosing which blasts the.mud off the rock
and then carries it away through a drain-
age system. When you wash mud off a
sidewalk with a garden hose, you are
doing much the same thing.




2. Grading makes the bed and walls of the
excavation level and firm. It usually
means cutting away high parts of the
excavation and filling in uneven, low
spots. Grading is done by: (1) compact-
ing (packing), (2) grouting (filling with
mortar), (8) scaling (scraping), or (4)
filling (moving in loose earth). Grading
is used in preparing many excavations,
especially those for highways. See'Fig.
35-3.

3. Sloping is another way of trimming and
shaping earth. The sides of excavations
are sloped to lower the chances of slides.
In sloping, the lnose soil is usually re-
moved from the sides of the excavation.
Sloping is a common way of stabilizing
the earthwork in an excavation which
covers a large area. Sloping might be
used where a large building is to be built
or where a dam is to be built, Fig. 35-4.

4, Treating is also used for trimming and
shaping the excavation bed and walls. In
this process, loose soil is filled with a sub-
stance that makes it more solid. Some-
times a chemical solution is used. In other
cases, water is used. Freezing of the soil
may be used when the earth is full of
water and hard to drain. This freezing
serves two purposes:

Fig. 35-2. Soil and rocks that fell into the excavation
are being removed.
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a. It helps to stabilize the soil and keeps
the earth from falling in.
b. It helps control water in the ground.

Stabilizing Earthworks and Structures

There are five main ways of stabilizing
earthworks. They are: (1) compacting, (2)
sheathing, (3) bracing and shoring, (4)
piling, and (5) cofferdamming. Which proc-

Fig. 35-3. A tractor with a bulldozer blade Is grading
a site for a highway construction ob.

Fig. 35-4. Heavy equipment is being used to load
spoil after blasting has sloped the sides
of an excavation.
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196 The World of Construction

ess is used depends on outside conditions
such as the state of the soil and the kind of
material being excavated.

Compacting is the compressing or pack-
ing down of the earth to make it firm. Large
rollers pack the earth to make it firmer,
Fig. 356-5. For small areas, an air hammer
is used to compact the surface.

Sheathing forms walls to keep earth out
of the excavated area. All sheathing has
some kind of framework which makes it
take the shape of the excavation. Common
sheathing materials are metal panels and
wood planks or panels. These are supported
by bracing and shoring.

Bracing and shoring are processes usually
used with sheathing. However, each is
placed differently. The brace is put in hori-
zontally between the sheathing panels. The
shore is placed diagonally against the exca-
vation walls or sheathing panels. It is held
by stakes at the bottom. Bracing is used in
narrow excavations, Fig. 35-6. Shoring is
used in wider excavations where you cannot
brace against the sidewall. The material
used for Dracing or shoring is usually wood
or mete’.

Sometimes large concrete, steel, or wooden
stakes are driven into the ground to give

Fig. 35.5. A compactor-tractor is spreading and
compacting a roadbed.

more stability to a structure, Figs. 35-7 and
35-8. This is called piling, and the stakes
are called piles. This is a construction
practice which has been used since prehis-
toric times. Piling has two main purposes:
(1) to improve the load-bearing capacity
of the earth and (2) to help guard against
uneven settlement of the structure.

There are two kinds of piles: (1) fric-
tion piles and (2) end or point support
piles. Friction piles support a load by the
friction developed between the surface of
the pile and the soil through which it is
driven. The end or point support pile sup-
ports the load by having the structure rest
on one end and having the other end rest
on a firm layer of rock or earth below
ground or water level. A common example
of this kind of pile may b2 found along a
waterfront. Piers are supported by piles
which are driven into the rocky bottom of a
lake, river, or ocean harbor.

Cofferdamming is a popular method used
in construction when a structure must be

Fig. 35-6. Shoring and bracing are used to keep
earth out of an excavation area. They also
may stabilize nearby structures which are
resting on the excavation sidewalls.
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built in water or water-filled soil. It is used
to make a dry working area and to keep
water out of an area where contrete must
be placed and cured. The main parts of the
modern cofferdam are sheets of wood, steel,
or concrete (may be called sheathing) which
are driven into the ground or water to form
a watertight wall around the work site.
(See Fig. 856-9.) Shores or braces support
the sheathing. The water and other mater-
ials are removed from this space. This space
is then a dry area for construction workers
and materials, Fig. 35-10.

Summary

After the major excavation has been
made, more work may still be needed before
the foundation is laid. It may be necessary
to trim the excavation bed and walls to
make the excavation ready for the founda-

Fig. 35.7. A pile driver is used to drive steel sheet
piles into the ground.
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tion. Trimming and shaping the bed and
walls of the excavation are done by one or
more of four processes: (1) cleaning and

Fig. 35-8. The round discs are the tops of piles that
have been driven into the ground to give
. better stability to the structure that will be
built here. A concrete slab will become the
"pile cap.”

Fig. 35.9. Steel sheet piles are being adjusted for

cofferdamming.
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MRS i

Fig. 35-10. Tho piciure shows a finished cofferdam which will keep water out of the working area of this excavation.

washing, (2) grading, (38) sloping, and (4)
treating. Which practice is used depends
upon such things as soil condition, weather
in the area, and the kind of excavation being
made. All of these processes are used to
make the excavation ready for the founda-
tion.

Stabilizing earthworks and structures is
done in five main ways: (1) compacting,
(2) sheathing, (3) bracing and shoring,
(4) piling, and (B5) cofferdamming. These
processes have much the same general pur-
pose as those used for trimming and shap-
ing the structure. However, they are used
more to steady and support the excavation
and any surrounding structures.

oL

Terms to Know

excavation
trimming
stabilizing
foundation
bond
piles
trimming and shaping
the excavation
a. cleaning and
washing
b. grading
c. sloping
d. treating
settlement of a
building

types of grading

a.
b.
¢
d.

compacting
grouting
scaling
filling

means of
stabilizing

a.
b.
c.

d.

compacting
sheathing
bracing and
shoring

piling
cofferdamming




Think Aboat It!

1. Sometimes workers are caught in excava .
tions when the sides cave in. Has this
ever happened in your community? What
should have been done to prevent this?

2. What must be done to support an exist-
ing structure if earth is removed very
close to its foundation? Have you ever
heard of ¢n incident where damage was
done to an existing building? If o, when
and where?
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Mass Excavation
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All constructed works may be thought of
as structures. Each has a suhstructure that
rests on some part of the earth called the
bearing surface. Each has a superstructure
which rests on the substructure. We are

Fig. 36-1. Some substructures are very complex. This
one is being made of sond pumped from
the mainland.

Fig. 36-2. This rockfill dam is a moss superstructure,
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Classifying
Structures

most likely to notice only the superstruc-
ture, which is e part above the ground.
The substructure, even though we may not
see it, is an important part of the whole
structure. In the next series of lessons you
will study these main parts of structures
and learn how to build them.

A structure is an ariangement of mate-
rials that have been put together (con-
structed). Structures include such things as
dams, roads, tunnels, bridges, marine proj-
ects, utility networks, towers, monuments,
and buildings.

The Substructure

The structure is made up of a substruc-
ture (a foundation) and a superstructure
which rests on it. The foundation supports
the weight of the whole superstructure and
must also support any load added to the
completed structure.

Sometimes the foundation is very com-
plex, such as when it is necessary to build
a structure on marshy or wet land (Fig.
36-1) or in cold regions where freezing and
thawing conditions break up most of the
foundations used in warmer climates. In
some cases, the foundation is only com-
pacted natural earth or solid rock.

We usually think of the substructure as
that part of the structure below the sur-
face of the ground. However, it is some-
times difficult to decide just which is the
foundation, or substructure, and which is
the superstructure. In setting a foundation
for a building on a steep slope, for example,
one foundation wall may rise above the
ground surface. The opposite wall may be

cle
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buried in the hillside. In such cases where
part of the foundation wall is buried, we
would say that all of the foundation wall,
whether buried or not, is the substructure.

In a house, everything below the first
floor level is called the foundation, even if
part of it can be seen above the ground.
Every part of the house above the founda-
tion is the superstructure. In a bridge the
walls that support the ends of the bridge
are part of the foundation, since some of
them are buried in the ground. The part of
the bridge resting on the walls s the
superstructure.

Classifying Structeres 201

Fig. 36-4. Many of our most modern buildings ore
bearing wall types which do not have
skeletal fromes.

Fig. 36-3. The homes of the early cliff dwellers were of the bearing wall type. They can
be seen at Mesa Verde National Park, Colorado.
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202 The World of Construction

The Superstructure

Most of the structure you can see after
the project is complete is the superstruc-
ture. There are several major kinds of su-
perstructures. These may be called mass,
bearing wall, and framed superstructures.
Mass superstructures use a solid mass of
material as in a dam, highway, ci monu-

Fig. 36-5. Can you identify the substructure and
the superstructure?

Fig. 36-6. Railroad tracks (superstructurel and ties
(substructure) must be placed on a firm
bearing surface to support the weight of
the trains,

e 5
b~ i

ment. (See Fig. 36-2.) Bearing wall super-
structures have unframed walls such as
those in a brick home or a concrete block
supermarket, Figs. 36-3 and 36-4. Framed
superstructures have a skeleton.

Most superstructures fit fairly well into

" the classes of mass, bearing wall, and

framed types, Fig. 36-56. However, there are
some exreptions which are hard to classify.
Tunnels, underground pipelines, and boat
and ship channels are examples of con-
structed works that do not fit the common
types of superstructures. See Fig. 36-6.
Underground projects such as tunnels
and pipelines do not show above ground,

e
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Fig. 36-7. All structures have a superstructure and a
substructure.

HIGHWAY
(STRUCTURE)

COMPACTED FILL

{SUBSTRUCTURE) BEARING SURFACE

Fig. 36-8. A concrete roadway has a substructure
and a superstructure.
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just as river and port channels do not show
above water. Therefore, they are not nor-

mal superstructures. They do have bearing’

surfaces, but their substructures also are
not easily classified.

For the student who is trying to make
some order out of all the many kinds of con-
structed projects, confusion can be avoided
by simply noting that some projects do not

Classifying Structures
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fit the general substructure-superstructure
groups. The projects which do not fit into a
group can be accepted as exceptions to a
useful way of classifying most projects and
parts of projects.

Summary

Structures are made up of a substructure
(a foundation) and a superstructure (part
resting on the foundation). Man builds
many kinds of structures. However, they
can be classified as: dams, roads, tunnels,
bridges, marine projects, utility networks,
towers, monuments, and buildings.

Substructures all rest upon bearing sur-
faces. In addition, they may have footings,
walls, or piers. (Study Figs. 36-7 and 36-8.)

Superstructures may be classed as mass,
bearing wall, and framed types. There are
some projects which are hard to classify,
but most constructed works easily fit into
one nf the groups.

You will next study how substructures
are built, After a study of substructures, a
study of superstructures will follow.

Terms to Know

structure utility networks
bearing surface marine projects
substructure superstructures
a. footings a. mass
b. walls b. bearing wall
¢. piers c¢. framed
Think About It!

1. Can you think of structures that do not
have substructures? If so, give two ex-
amples.

2. List three superstructures within one
city block of where you are at this mo-
ment. Identify one mass, one bearing
wall, and one framed superstructure in
your list.
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Foundations

The preparations necessary for starting
to build a structure have been completed.
The site has been cleared. The size and
shape of the structure have been laid out
on the site by the surveyor. The necessary
earth has been removed. Where stabiliza-
tion of earth or structures was necessary,
this has been done. We are now ready to
begin building the structure. The first step
is to build the foundation (substructure).

To understand about foundations, we
‘must know why foundations are needed and
what the parts of a foundation are. We
must know what types of foundations are
used, what materials are used in them, and
how they are built.

A. Shoe makes contact with a firm surface
(spread footing). 1

B. Snocw shoe spreads weight over a
large surface (raft footing). -

| C. Stilt- (pile footing) reaches a firm
surface.

Fig: 37-1. A sturdy foundation is necessary to support

: " the weight of the superstructure: This =~ S _ . :
foundation, under conétrUctioh, will ; Fig. 37-2. The foundation of a structure is much like
support a chimney. o your foot when you are standing.
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The Reason for Foundations

The foundation of a structure is the part
which supports the weight of the whole
structure. It must cover enough area to
spread the whole weight of the structure
onto the earth on which it is built so that
the structure will not sink into the soil. See
Fig. 37-1.

What a Foundation Does

The foundation of a structure is much
like your foot when you are standing. On
hard soil a structure would use a footing
that spreads out like your foot. Such a foot-
ing is called a spread fociing, Fig. 37-2A.

If you are standing on loosely packed
snow, you would sink part way into it. You
could only stay on the surface by using snow
shoes which cover a greater area than the
sole of your shoe. It is much the same for
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Fig. 37-3. The tower of Pisa leans about 14 feet.
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foundations that must be placed on soft soil.
You might use a larger spread footing or
you might use a raft (slab) fooling to keep
the foundation from sinking, Fig. 37-2B.

When the snow has turned to slush, your
foot will sink into it until it reaches a hard
surface under the slush. The only way you
could walk on the slush would be on stilts
which would reach down to a harder sur-
face. For foundations to be placed on wet,
marshy soil, something like stilts is used.
These are called piles. They are driven
down to the firm earth below the marsh,
Fig. 37-2C.

The foundations for all parts of a struc-
ture should be supported on the same kind
of soil. If part of a foundation ‘is placed on
rock and the other part is placed on marshy
soil, the part on the soft soil will sink and

" tilt the foundation. The result will be to tilt

the whole structure very much as the Tower
of Pisa is tilted, Fig. 37-3.

Parts of a Foundation

A foundation (substructure) can be di-
vided into three parts:

1. The bearing surface (part of the
earth on which the foundation rests),

2. The footing (flat part of the founda-
tion which spreads the load of the
structure above it), and

3. The upright supports, such as walls or
piers. The upright supports rise above
the footing to form the rest of the sub-
structure, Fig. 37-4.

Types of Footings

Three kinds of footings are used most of-
ten. These are: (1) spread footings, ( 2)
raft or slab footings, and (38) pile cap
footings.

Spread footings are the simplest kind.
They are used on bearing surfaces of rock
or of soil that is packed solidly like hard

clay. The spread footing is a pad which may
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208 The World of Construction

be long and rather narrow to go under a
wall, or it may be square or rectangular
where it is to go under a pier or post, Fig.
37-5.

Where the soil of the bearing surface is
soft or where there might be vibration due
to an earthquake, a spread footing cannot
be used. In such cases a raft or slab footing
may be used. A raft footing spreads the
weight of the structure over a very large
area. It is used only with small, lightweight
structures where the bearing surface is too
soft for a spread footing. The raft footing
usually covers a larger area than that of
the structure it supports. We can say that
the structure “floats” on the soil, Fig. 37-6.

When the bearing surface is in marshy
land, in sand, or under water as in a river,
lake, or along the ocean, we must find a
good bearing surface. To do this, piles are
driven down through the soft or wet soil
until a strong supporting layer of hard clay
or rock is reached. A footing, like a spread
footing, is then built on top of the piles.
This footing is called a pile cap, Fig. 37-7.

Fig. 37-4. The foundation elements can be seen in
this photograph of the substructure
‘construction of a shopping centér
basement.

- Fig. 37-7. Pile footing.

Foundation Materials

Different structures need different kinds
of bearing surfaces, depending upon how
heavy the structures are. The designer

Fig. 37-5. Spread footing.
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must decide what kind of bearing surface
will support the weight of each structure.

Today, concrete is the most common ma-
terial used for footings. Sometimes only
concrete is used, but it can be made stronger
by burying steel rods in it for reinforce-
ment. Examples of other footing materials
are crushed rock or gravel for highways or
airport runways.

Fig. 37-8. Piles are vertical footings. These piles
support the Chesapeake Bay Bridge and
Tunnel. The men shown here are cutting
the concrete piles to the correct length,
In completing the substructure, pile caps
will be put on top ot the piles.

Setting Foundations 209

Most footings are horizontal. Sometimes
footings are vertical. Driven pilings are an
example of vertical footings. (See Fig. 37-
8.) Many times vertical piers or walls are
added to horizontal footings to build them
up to grade level. Piers, piles, or foundation
walls may be made of natural materials
such as stone or wood. They also may be
made of reinforced concrete or steel.

How to Set Foundations

The bearing surface is first prepared to
support the footing, Fig. 37-9. When the
bearing surface has been prepared, the
footing can be placed. Since most footings
are made of concrete, let us see how they
are made. Concrete footings are made in
six steps.

1. Forms or molds are get in place.

2. Rodsetters place steel reinforcement

in the forms where it is needed. '

3. A mixer operator puts materials into a

drum and mixes them to make con-
crete.

rig. 37-9. The first step in constructing the foundation
is to prepare the bearing surface. This
machine prepares the bearing surface for
concrete highways.
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4. Concrete laborers and cement finishers
place the concrete in the form, Fig.
37-10.

5. The cement finishers compact the con-
crete in the form and finish the surface
of the concrete.

6. After the concrete has set, the labor-
ers remove the formwork.

Sometimes, the superstruacture rests di-
rectly on the footing. An example of this is
when a highway surface of concrete is
placed over compacted fill. Other times, af-
ter the footing has been finished, the next
step is to place upright parts of the sub-
structure on the footing.

If the upright parts are to be made of
concrete, the six steps used in building the
footing will be repeated. If they are to be
made of stone, brick, or concrete block,
masons will lay the foundation walls or
piers on the footing. Also, ironworkers or
carpenters may fasten columns to the foot-
ing with heavy bolts that were set in the
footing while the concrete was wet. These
columns usually are capped by beams (hor-
izontal pieces that lay on top of the
columns).

Fig. 37-10. Concrete is being placed in a form by
concrete labarers, Very strong men are
required for this work.

Setting Concrete Foundations
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Summary

After the site has been prepared, the
next step in building a structure is to set
the foundation (substructure). The three
parts of most foundations are: (1) a bear-
ing surface, (2) a footing, and, sometimes,
(3) a substructure rising above the footing
which may be a wall, a pier, or a column.

The bearing surface must be solid enough
to support the weight of the whole struc-
ture. The bearing surface may be rock or
soil at the surface of the earth; it may be
a few feet below the surface, or it may be
many feet under a swamp, a river, or an
ocean.

Footings usually are made of concrete.
Sometimes, as is the case with highway
construction, they are made of compacted
fill such as crushed rock. Where firm soil is
very deep below the earth’s surface, the

footing may be piles driven into the soil

with a pile cap placed on top of them.
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The part of the substructure or founda-
tion rising above the footings may be a
wall. The upright part of the substructure
also may be piers or columns made of con-
crete, stone, brick, concrete block, steel, or
wood. Beams are placed on top of the piers

or columans to form the base of the super-
structure.

Terms to Know

spread footing
raft footing

pile cap footing
bearing surface

to finish concrete
to cure concrete
compacted
foundation parts

AR T AL A T8 peves
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steel reinforcement
forms

a. bearing surface
b. footing

¢. upright supports

Think About It!

1. What type of footing would you guess is
under your home? Your school? The
nearest bridge? Do you think they are
all the same type?

2. Why has the Tower of Piza in Ifaly
leaned about 14’? Do you know what can

be done to stop it from leaning any
farther?

y 1




In earlier readings you learned that struc-
tures are made up of substructures (foun-
dations) and superstructures. You also
learned that setting foundations is the first
step in building structures. In this reading
you will find that building forms usually is
the first step taken in setting foundations,
Fig. 38-1.

Most foundations are made of concrete.
Before we can place the concrete, forms
must be built. Building foundation forms is
only part of the knowledge about building
forms. A later reading on erecting concrete
superstructures describes building forms
above the foundation.

Giving Shape to Concrete

Concrete is made of stone, sand, and
water bound together with cement. When
concrete has been freshly mixed and is still
wet, we can handle it just as we would

handle wet mud. Shortly after it has been -

mixed it begins to set (get stiff). It finally
becomes as hard as stone. We can think of
concrete as man-mcde stone. In order to get
the shape of the slabs, footings, walls, and
piers that we need, we must shape the con-
crete. Concrete is shaped by placing it into
forms while it is still wet.

The forms for concrete are somethmg
like the molds into which gelatin is poured.
When the gelatin is set, it can be dumped
out of the mold. It then has the shap'e of the
inside of the mold.

When we are shapmg concrete, we do not
simply pour it into the form (mold). We do
not dump it out after it has become hard.

Concrete must be carefully placed in the

212

Building Forms

form. Also, we remove the form, piece by
piece, leaving the concrete in the shape of
the form. Therefore, the form must be built
so that it can be removed easily without
damaging the concrete, Fig. 38-2. Also, the
form must be strong enough to keep from
bulging from the weight of the wet concrete.
Since workmen often must stand on the form
or climb around on it, the form must be
strongly built to protect it from being
pushed out of shape before or during the
concrete placing operation.

| Material for Forms

Concrete foundation forms usually are
made of wood. They also can be made of
steel, or a combination of wood and steel.
Wood is lighter in weight, easier to handle,

Fig. 38-1. Carpenters busily erect forms for a
foundation wall, foreground, while another
crew places concrete in a complated form,
background.
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and less expensive than other materials.
Also, it is easier to change the size and
shape of wood by using hand tools.

Wooden forms are built by carpenters
working at the construction site. The car-
penters may make every part of the form
at the site, or they may assemble forms that
have been partly fabricated (made) at a
manufacturing plant. The forms that we
will discuss here are made entirely at the
construction site. See Fig. 38-3.

The wood or lumber used for building

.forms is of two kinds. First, there is dimen-

ston lumber. It is called dimension lumber
because we speak of the size of the piece by
its dimensions. For example, a piece of lum-
ber approximately 2” thick by 4”7 wide is
called a “two by four.” Dimension lumber
comes in even-numbered lengths such as
8/, 10/, or 12’

The second kind of lumber used for build-
ing forms is plywood. This comes in large
sheets 4’ wide and 8 to 10’ long. These
sheets most commonly are 14", 14", 34" or 1”
in thickness. They are used to cover the
frame built of dimension lumber. Instead of
plywood we may use a kind of dimension
lumber called planking, sheathing, or boards.
These usually are 1”7 or 2” thick and may be

Fig. 38-2. Forms are built in such a way that they
may be removed without domaging the
freshly set concrete.
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of different widths from 4 to 12”. See Fig.
38-4.

Buiiding Forms

Preparing the Materials

The first step in building forms is to pre-
pare the materials. The lengths of the pieces
of dimension lumber and the sizes of the

Fig. 38-3. These forms are made of wood and are
assembled on the site.
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Fig. 38-4. Form moterials.
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sheets of plywood that will be needed must A chalk line is a heavy string or cord. For
be measured and cut. Common tools for  layout work it is covered with colored chalk
measuring are carpenter’s squares, six-foot  dust and then is stretched tightly between
folding rules, flexible metal measuring two points on a line which is to be marked.
tapes, chalk lines, and carpenters’ pencils, When the center of the string is lifted
Fig. 38-5. straight up from the surface and then re-

[} 2 3 4
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C. Steel framing square

e 5 WA MR LERR TEIRIEHC

ET SCREW

G. Sliding T-bevel - . H. Push-pull rule
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Fig. 38-5. Carpenter's common measuring tools.
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Fig. 38-6. This carpenter is cutting "two by four"
dimension lumber for a form. How many of
his tools can you identify?
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leased, like the string of an archer’s bow, it
snaps back and leaves a faint line of chalk
dust. :

Carpenters’ pencils have a heavy, rec-
tangular-shaped lead in them instead of a
round one. Because of their shape, they are
easily sharpened with a pocket knife. Also,
because of their heavy leads, they do not
break as easily as do common lead pencils.

After the wood has been marked to the
length or width required, it is cut to the
measured size by sawing. Small pieces may
be cut with a hand saw. Larger pieces may

be sawed with an electric saw. See. Fig, 38-
6.

When the pieces required for the forms
have been cut to size, they then are assem-
bled and fastened together. Usually the lum-
ber in forms is fastened together with nails,
but bolts and nuts or wood screws sometimes

-are used.

WOO0D TIES

SHORING

STAKES

BRACES

WALER
PLATES

Fig. 38-7. Wood form for a foundation wall.
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216 The World of Construction
Form Parts

Wood foundation forms are made up of
seven main parts. These are: (1) plates,
(2) studs, (3) walers, (4) ties, (5) braces
or shores, (6) stakes, and (7) facing, Figs.
38-7 and 38-8. Plates are pieces of dimen-
sion lumber on which the forms rest. They
usually are two by fours. When plates are
used as part of a wall or pier form, they are
fastened to the footing to hold the form in
place.

Techniques in Building Forms

We have said that forms may be made
completely at the site or they may be manu-
factured in pieces or sections and delivered
to the site for assembly. When forms are
completely made at the site, they may be
built in two ways. The first way is to build
it piece by piece in place. To do this, we first
place the plates in position and then nail
the studs to them. After the studs are stand-
ing upright, we then nail the facing to the
studs, Fig. 88-9. The next step is to set the
walers in position and fasten the form ties
to the walers. :

HAIR PIN STUDS
PLYWOOD WALERS
FORM

P—WALL TNICKNESS—-‘

Fig. 38-8. This form is made up of panels which have
been set in position.

Another way of completely making the
forms at the site is to make up panels and
then set the panels in position. A panel is a
section of form of a standard size, such as
4’ X 8. Each panel has a plate at each end

with studs nailed in between the plates. The

plywood or other form facing is then nailed
over the studs. Standard size form panels
are also made in manufacturing plants.

Assembling Forms in Place

No matter how the forms are built, the
first step in assembling them is to lay out
their position on the bearing surface or foot-
ing. When getting ready to assemble forms
for slabs or spread footings, we mark the
position of the inside of the form by stretch-
ing a string between two stakes driven into
the ground. One edge of the plate then can
be set along this line and held in place by
small stakes driven along the outside edge
of the form, Fig. 38-10. If panels are to be
used, the faces of all the panels on one side

~ of the form are set to the string line. Then

Fig. 389 These men are ossemblihg a form for a
thin, slab foundation.
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the panels are fastened together by nailing

or bolting the stud in one panel to the stud

in the next panel.

To set forms for a wall or a pier, there
already is a slab or spread footing on which
to work. A line can be laid out on the
concrete surface. This line then can be used
to set the plate or to set the bottom of the
panel to be used. The next steps in assem-
bling forms are different for slab or spread
footings, for walls, or for piers. :

Forms for a Slab Foundation

Forms for large slabs or for smaller
spread footings are assembled in the same
way, Fig. 38-11. If the slab or footing is less
than a foot in thickness, we may need only
boards or other facing material, some stakes,
and some vracing lumber. If the slab is thick,
we will need all, or almost all, of the seven
parts of a form.

After we have fixed the position of the
form by using a chalk line, we can place a
strip of facing upright against it so that
the string just touches the facing. We then
can drive stakes into the ground tightly
against the facing. After the stakes have
been solidly driven, the facing is nailed to
the stakes. Then we must plumb (make ver-
tical) the facing and nail a brace between
the top of each stake and another stake

-driven some distancc away to hold the fac-

ing upright. S
When panels are set for a slab form, we
use many of the same steps to set them as

FACING

 STAKES

BEARING )
SURFACE

Fig. 38-10. Form for a thin slab foundation.
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we do for setting narrow strips of facing.
Stakes are driven behind the panel and are
braced to stakes driven into the ground some
distance away. Always remember that noth-
ing can be placed in front of the facing be-
cause that is where the concrete is to be
placed.

Forms for a Wall Foundation

A wall almost always has two sides.
Therefore, two facings are needed inside a
wall form. Sometimes the earth forms one
facing. .

The line for one side of the wall is
marked on the concrete footing. The panels
are placed in position along that line.
Walers, in pairs, are nailed to the back of
all the panels to keep them in line. Bracing
and stakes then are put in to hold the wall
in an upright position. After this one face
of the form is in position, reinforcing steel
is set. You will learn how this is done in the
next assignment. '

The next step is to set the form ties, Fig.
38-8. These are placed in holes in the facing
and are pushed back between the pairs of
walers. Now the panels for the other side of
the wall can be set in position. Holes are
drilled in the facing so that the metal tie
can be pushed through. _

After the second set of panels is in posi-
tion, first the walers and then the bracing
and the stakes are set. One face of the form

Fig. 38-1 l;‘ A footing isa narrow, thin, slab foundation.
This one will support the weight of a
single-family home.
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218 The World of Construction

is lined up by stretching a string along the
top from one end to the other. Then the sec-
ond face of the form is set parallel to the

first one. The distance between the dises on

the form ties is used to maintain the wall
thickness needed. When one side of the form
is straight and the facings on both sides
are pressing against the discs, we are ready
to place the concrete. See Fig. 38-12.

Forms for a Pier Foundation

Piers may be square, rectangular, or
round. Piers that are to be square or rec-
tangular are formed with two short sets of
wall forms. The forms may be built in place,
or they may be prefabricated panels. See
Fig. 38-13. Wall ties may tie the faces of the
forms together on opposite sides. They are
set and plumbed in the same way as wall
forms. When they are finished, the corners
must be checked with a carpenter’s square
to be sure that they are square. Bracing
must be used on all four sides to keep the
pier forms from moving.

Fig. 38-12. The forms for this retaining wall are the
manufactured metal type. They are moved
as one unit by a crane. Can you find the
marks in the finished wall that are made
by the wire ties?
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Fig. 38-13. This manufactured form is used to mold
square piers.
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Fig. 38-14. Fiber form material is used for this round
pier. How is the form material removed
when the concrete has set?




When a round pier is to be built, sections
of metal or fiber tubes are used.. These sec-
tions are assembled into what looks like a

Fig. 38-15. Sometimes the earth and a traveling form
" are used to support the concrete while
it is setting. This technique is called
"slip form lining.”

Building Forms

Laying Out
|
Cutting Materials
.I
Erecting Structural Members (Parts)
|
Installing Panels
1
Tying Forms

l R
Bracing and Shoring
]
Plumbing and Aligning

Bualding Forms 219

large piece of pipe. They are set in place on
the footing and are plumbed so they stand
straight. Then braces are used to hold them
in position, Fig. 38-14.

Summary

Concrete is a wet material that can be
shaped in forms. Most foundation forms are
built of wood. There are seven parts to a
form. These are: (1) plates, (2) studs,
(3) walers, (4) ties, (5) braces, (6) stakes,
and (7) facing. '

Forms may be built in place, piece by
piece. They also may be made into panels at
the site, or they may be manufactured in a
plant and then brought to the site. -

The position of the form for a foundation
is marked on the bearing surface for slabs
or footings. The position of the form for a
wall or pier is marked on the footing. Wall
and pier forms are tied together with form
ties. All forms must be carefully set and
lined up. They must be plumbed (vertical to
the earth) to stand straight and must be
well braced to hold them steady while the
concrete is placed into them.

Terms to Know

forms foundation form parts
dimension lumber a. plates '
plywood b. studs

assemble c. walers

retaining wall d. ties

installing e. braces or shores
plumb f. stakes

parallel g. facing

Think About It!

1. Look around you or out the window. Can
you identify at least two concrete sur-
faces that were shaped against forms?-
Were these forms foundation forms or
forms for the superstructure? o

o
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READING 39

If we take a 1ong thin section of concrete

and try to bend it, we find that it will not .

bend very far before breaking. If all foun-
dations could be built of one large piece of
concrete, no reinforcing steel would be
needed. This would be very expensive and
would take up too much space. Therefore,
to use thinner sections of concrete in walls
‘and piers, reinforcing steel is buried in
them to keep them from cracking or break-
ing. This reinforcing steel must be set in
the forms before the concrete is placed.

Kinds of Reinforcing Steel

Reinforcing steel is the name given to
round steel rods that may be of any diam-
eter from 14" to 1” or more. Each size
rod has a number starting with No. 1
for a 14” rod, No. 2 for a 14” rod, No.
3 for a 34” rod and so on. These rods are
not smooth on the outside. If the outside of
the rod were smooth, it might pull out of
the concrete. Each rod has been run
through a machine ‘at the steel mill that
presses ridges into it in different patterns.

Because of the ridges, these are called de-

formed rods. When the rods are deformed,
the concrete hardens tightly between the
ridges and the rods cannot be pulled loose
easily. Reinforcing rods are used in all wall,
pier, and slab foundations.

Another kind of reinforcement that is
used mainly in slab foundations and road
slabs is called reinforcing mesh. Reinforc-
ing mesh looks somewhat like wire fencing
except that it generally is made of heavier
wire. These wires cross each other at right
angles to form squares. Where the wires
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cross they are welded together at the steel
mill during manufacture. Reinforcing mesh
is made in widths that may be 4’, 6/, or
wider and in lengths that may be as long as
100", It.is delivered to the construction site
in rolls which may be unrolled and spread
on the ground to cover the whole area of
the slab, Fig. 39-1.

Preparing Reinforcing Steel

The engineer who designed the founda-
tions has shown on his plans where he wants
reinforcing rods to be placed, the size of
the rods he wants, and how close together
the rods are to be placed in the concrete.
The contractor who is building the founda-

Fig. 39-1. These men are straightening a roll of
reinforcing mesh so that it will lay flat in
the form. When the concrete is placed,
they will pull the mesh up into the
concrete. .
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tions gives a copy of the engineer's plans
to the manufacturing company where he
plans to buy the reinforcing steel, Fig. 39-2.

When the reinforcing steel company re-
ceives the engineer’s plans, it makes up an-

SEE SHEET 6
FOR PLAN

#3 at 18" LG:
4 at 12"
0.C.EW

 BASEMENT FLOOR

FOOTING TO REST
-~ ON FIRM BROWN
.CLAY

2-#6 CONTIN-
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other set of plans showing nothing but
lengths, sizes, and bending needed for all
the reinforcing rods in the foundations.
These new plans are called skop drawings.
When they have been completed and the

#4 at 12"
0.C.E.W. .

FLOOR ELEV.
100.25

6" x 6'-#H0 x $10
W. W. MESH

__,:'J l_,gg ‘.fué '.
ads 3 0
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Fig. 39-2. Reinforcing materials are speciﬂe& in the designer's plans. Shop drawings are prepared from the

details found on the designer’s plans.
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engineer has approved the drawings, the
reinforcing steel company gives them to its
fabricating shop. The shop workers cut and
bend the steel rods as shown on the shop
drawings.

The reinforcing steel company buys rein-
forcing rods from a steel mill in 80’ lengths.
The shop drawings sent to the fabricating
shop might show that 10 No. 5 rods, each
20’ long, are needed for horizontal - place-
ment in one wall. The drawings also may
call for 26 No. 6 rods, 10’ long, for vertical
placement in the same wall. These and all
the other rods are cut to the right lengths
by a shearing machine.

Suppose that the shop drawing shows
that the vertical rods are to be bent so that
1’ 6” extends horizontally in the spread
footing and 8 6” of the same rod extends
vertically up the wall. When these rods
have been cut to the length needed, they
are taken to a bending machine and are
bent as shown on the shop drawing.

When all of the reinforecing rods have
been cut to the right lengths and have been
bent as shown on the shop drawing, these
rods are put into bundles. Each bundle has

Fig. 39-3. Reinforcing rods are delivered to the site
in bundles.

the same size and length of rod. The bundles
are then tied together with a piece of soft
wire. One bundle may have 10 pieces of
straight No. 5 rod tied together, and an-
other bundle may have 26 pieces of bent
No. 6 rod tied together.

The shop drawing has a number assigned
to each size, each length, and each kind of
bent rod. Each bundle of rods has the same
number on a tag tied to that bundle. Then,
when the bundles reach the construction
site, the location of the rods needed for
walls, piers, or slabs can be found easily,
Fig. 39-3.

Placing Reinforcing Steel

When a truckload of reinforcing steel
reaches the site, it has been cut, bent, bun-
dled, and tagged. Workmen unload the
bundles of steel with a power crane if the

‘ Fug 39-4. The mon who places relnforcmg steel is

called a rodsetter. These steel rods will
add strength to the concrete which is
placed around them.




bundles are very large. The bundles must
be stacked as near as possible to the wall,
pier, or slab in which they are to be placed.
They should not be in the way of the men
working on the forms. They are stacked on
boards to keep them clean.

Reinforcing steel is placed in position in
the concrete form by workers who are called
rodsetters, Figs. 89-4 and 39-5. Reinforcing

steel is usually placed 17, 27, or 3” from the .

face of the form so the concrete can pass be-
tween the form and the reinforcing steel.
Shop drawings are used by the rodsetters
as they set the reinforcement steel in place.
In a slab, the plan may show. No. 6 rod at
9” onm center and show in which direction
they are to be placed. A second notation may
indicate No. 4 rod at 12” on center. The
rodsetter carries the No. 6 rods and lays
them one by one on the ground within the
form so that there is a space of 9” from the
center of one rod to the center of the next.
When these have all been placed, he places
the No. 4 rods across them at right angles

-~ , s

Fig. 39-5. These rodsetters are placing reinforcing
steel at the construction of a hydroelectric
dam. '

Setting Reinforcement 22

with 12” from the center of one rod to the
center of the next. Where the top rods cross
the bottom rods, he ties the two rods to-
gether with a short piece of wire, Fig. 39-6.

The mat of reinforcing steel for a slab
must now be raised so that it is not resting
on the ground and concrete can be placed

Fig. 39-6. Reinforcing steel for a slab is placed before
the concrete is placed. The reinforcing
rods protruding at the left of the picture
are dowels for a pier.

Fig. 39-7. Small blocks of concrete keep this mat of
reinforcing steel off the ground.
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under it. It must be kept off the ground un-
til all the concrete is placed. There are two
common methods of holding the reinforce-
ment off the bottom of the form. Small
concrete blocks may be placed under it
every few feet. These blocks are the same
thickness as the distance the steel is to be
off the form bottom. A 8” block is used if
the steel is to be 3” off the ground, Fig. 39-7.

}WEL

MAT

/

Fig. 39-8. The bent rods form dowels which will help
support the wall,

TO DOWELS

CONCRETE
IN PLACE

Fig. 39-9. Vertical rods are tied to the dowels after
the slab has set. .
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In addition to concrete block supports,

‘bent pieces of metal, called chairs, may be

used. High chairs are used where there are
two levels of reinforcing steel in the same
slab. They are used on the level near the
top surface. Low chairs are used to support
the bottom level. Because chairs are made
of wire and would be pushed into the ground
under the weight of the concrete, they can-
not be used for slabs built on the ground.
After the reinforcing steel is in place, we
are ready to place the concrete in a slab
form.

Spread footings for walls and piers have

the same kind of mat prepared as that for

the slab just described. In addition, we have
to provide for bent rods called dowels that
are to be partly in the footing and partly in
the wall or pier, Figs. 39-6 and 39-8.
When the footing has been placed and
the concrete has set up or hardened, the
braces and stakes used to hold the vertical
steel are removed. One face of the wall

~——TIE WRE—

— ASSEMBLED REINFORCING
"STEEL FOR COLUMN

Fig. 39-10. The reinforcing steel in a pier is often set
up and then put in place for tying to
dowels.
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form is now built. The horizontal rods to be
used in the wall are tied to the vertical
rods, the ends of which are now buried in
the footing concrete. See Fig. 39-9.

Walls often have two mats of steel, one
near each face of the concrete. Both mats
may have vertical rods embedded in the
concrete footing, or one may simply start at

the top of the footing and go upward. When .

both mats have been tied in place, the sec-
ond face of the form is built and tied to the
first one with form ties. Before concrete can
be placed in this form, the steel must be
checked to be sure that it is exactly the
right distance from the face of the form.
To hold it in position, the two mats either
are tied to the form ties or a nail is driven
into the form every few feet and the mat
of reinforcing steel is tied to the nails.

In setting the reinforcing steel for piers,
mats of steel are not generally used unless
the piers are very large. In smaller piers,
the vertical rods are held in position by a
rod that has been bent to the shape of the
cross section of the pier. These shaped
pieces, called hoops, are tied to the vertical
rods. They are spaced along the vertical
rods according to the specificalions on the
shop plan. After the pier form is in place,
the reinforcement is fastened in position so
that it will be the right distance from the
faces of the form, Fig. 39-10.

Summsary

All foundation walls built of concrete
must have reinforcing steel in them. Rein-

reinforcing mesh

Setting Reinforcement 225

forcing steel may be either deformed steel
rods which are set at right angles to each
other and tied in place, or it may be rein-
forcing mesh. Reinforcing steel is set by
rodsetters using a shop drawing showing
the size, position, and number of reinforc-
ing rods to be used.

In a foundation slab, either reinforcing
rods or reinforcing mesh may be used. This
is set in place after the forms have been
built. Reinforcing steel for walls is set in
place after one side of the form has been
erected. Reinforcing steel for piers is set

'in place before any of the forms are erected.

Terms to Know

chairs
a. high chairs

reinforcing rods

rodsetter b. low chairs
- on center dowels

hoops deformed rods

Think About It!

1 Why do you think reinforcing steel rods
are deformed (ridges on the surfaces of
the rods)? Would smooth-surfaced rein-
forcing steel work as well" Why?

2. Does remforcmg ‘steel 1n concrete allow
the solid. concrete mass to “bend”’? In a
dictionary or encyclopedia, look up “ten-
sile” or “tensile strength.” Does the
meaning of these terms provide a hint?
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READING 40

The forms for the concrete foundations
have been set, tied together, and braced into
position. The reinforcing steel has been set
in the forms and tied in place so that it will
not move when concrete is placed around it,
Fig. 40-1. We are now ready to prepare the
concrete to place in the forms.

Concrete is made of crushed -rock or
gravel that is mized with sand, portland
cement, and water. Each of these must be
specially prepared before it can be used in
the conecrete. In addition to the basic ingre-
dients, most modern concrete contains at
least one admizture ' (special additive).
These admixtures are used to change the
Lasic nature of concrete. For example, they
may speed up or slow down hardening time.

Fig. 40-1. The form must be ready, including tying
reinforcing stesl, before concrete can be
placed.

226
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Mixing Concrete

This lesson describes how the ingredients
used in making concrete are prepared,
measured, and mixed.

Preparing Coarse Aggregate

Gravel or crushed rock is used for coarse
aggregate. Gravel (small stones) is found
in natural deposits on the earth’s surface.
The stones are various sizes and shapes.
Generally they have rounded edges, and most

Fig. 40-2. \A rock crusher reduces the size of the
material.
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of them are shaped like balls or spheres.
Crushed rock is manufactured by breaking
rock into pieces in a rock crusher, Fig. 40-2.
Pieces of crushed rock have sharp edges and
may be shaped much like cubes. This is the
best shape for aggregate. If the rock is too
soft, it will crush into powder which can-
not be used. Some kinds of rock break up
into thin, flat pieces which also should not
be used for concrete.

The gravel or crushed rock that is used in
concrete is called coarse aggregate, Fig. 40-
8. The coarse aggregate should not only
have most of its pieces either round or
square in shape, but these pieces should also
be the correct size. To get the sizes which
are needed, coarse aggregate is graded
(sized) from the largest to the smallest sizes

used in concrete. The largest size of stone .

generally used in coarse aggregate is 214",
and the smallest size is 14”.

The largest size of coarse aggregate is
chosen to suit the position of the reinforcing
steel. We have said that reinforcing steel
may be placed 17, 27, or 3” from the face of
the form. We must be able to get the coarse
aggregate between the face of the form and
the reinforcing steel. If the distance is 17,
the largest size of coarse aggregate must be
only 34”. If the distance between the steel
and the form is 2, the largest size of coarse
aggregate would be 114”. A second reason
for using the largest size aggregate possible
is to reduce the amount of cement paste in
the total mix. This both saves money and
improves the quality of the concrete.

Preparing Fine Aggregate

The sand that is used in concrete ts called
fine aggregate. Just as with coarse aggre-
gate, fine aggregate has different sizes. It is
graded (screened) to get the different sizes
used in concrete. See Fig, 40-4.

Generally, both the coarse aggregate and
the fine aggregate are washed before being
graded (sized). Washing removes particles

Mixing Concrete 227

that are too small. Rock dust or clay often
found in stone or sand would be examples of
such particles. The prepared aggregate is
stockpiled until it is needed, Fig. 40-5.

Fig. 40-3. Coarse aggregate is used in making
concrete. This photograph shows the
smallest size to the largest size.

Fig. 40-4. Fine aggregate also is graded into various
sizes.

241>
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Preparing Cement

The cement used in concrete is portland
cement. Portland cement is made from a
certain kind of limestone that is found in
deposits below the earth’s surface. The lime-
stone is quarried (broken) out of its solid
deposit in pieces. Then it is crushed to a fine
powder in a crusher. Some clay or shale is
also crushed and mixed with the limestone
in the right amouats. The mixture of lime-
stone and clay is fed into a rotary kiln,
(furnace) and heated at a temperature of
2,700° Fahrenheit. During this process, it
forms a porous mass called a clinker. The
clinker is taken from the kiln and ground
to a powder. Then a small amount of gyp-
sum much like the lime used in masonry is
added to make the portland cement, Figs.
40-6 and 40-7.

When portland cement is mixed with wa-
ter, it forms a paste that becomes firm or
sets in about two hours. After the paste sets
up, it slowly becomes much harder. The
setting up and the hardening of the cement
paste is caused by a chemical reaction be-

Fig. 40-5. Stockpiling aggregate to be used in
making concrete.

tween the cement and the water. This is
called hydration.

Since oil or dirt in concrete will interfere
with the hydration of the cement, the water
used must be clean. Sea water taken from
the ocean has a great amount of salt and
cannot be used. It is often said that the
water used in concrete should be fit to drink.
The water used in concrete is much the same

Fig. 40-6. From this control room in a modern cement
manufacturing plant, a few operators
control and monitor the material.

Fig. 40-7. A cement plant where portland cement is
manufactured. :
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as that which comes from the faucet in your
home.

Using Admixtures

Modern concrete technology has been ex-
panded by the use of admixtures or special
additives which are to be found in most of
the concrete placed today. Common admix-
tures are entraining agents (substances
which hold air bubbles in the concrete),
water reducing agents (substances which
thicken the mix), retarders (substances
which slow the hardening), and accelera-
tors (substances which speed the harden-
ing). Admixtures help make concrete easier
to work with and extend its usefulness.

Measuring and Mixing Concrete

When concrete is ordered to fill the forms
for foundations, it is ordered by the cubic
yard. To find how much is needed, the di-
mensions or sizes of the space inside the
forms are multiplied to get the cubic feet of

Fig. 40-8. In this mixing plant, concrete is ,mad.e by
' mixing crushed rock, sand, portland cement,
and water.
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space in the forms. This number of cubic
feet is then divided by 27 to get the number
of cubic yards of concrete needed.

When concrete is mixed, each of the ingre-
gredients is measured or weighed in pounds.
Even the water is included. The ingredients
for concrete are mixed at a concrete mixing

plant, Fig. 40-8. There, the workers are

able to figure the weight of the materials
for any amount or kind of mix.

Mixers are part of the mixing plant or
are mounted on trucks. Ccncrete may be
mixed at the mixing plant and only be agi-
tated in a truck, or it may be mixed at the
same time that it is being hauled to the con-
struction site. The practice used depends
upon the length of the haul, the size of the
job, and the concrete requirements. Most of
the hauling trucks can be used either as a
mixer or an agitator, Fig. 40-9.

Summary

In concrete, the stone is called the coarse
aggregate, and the sand is called the fine
aggregate. Both of these aggregates must
be carefully cleaned and graded to size be-
fore they can be used. Cement in concrete is
manufactured from a special limestone to
which clay is added before the two materials -
are heated into a clinker. The clinker is
ground to a fine powder called portland
cement., ' ' :

Fig. 40-9. Ready-mixed concrete is being delivered
to the site. ' -
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Concrete is mixed from the two aggre-
gates, cement, and water. The amount for
each is carefully measured. Admixtures
also may be added to the concrete. These are
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then poured into a mixer. A concrete truck
usually hauls the concrete to the construec-
tion site where it is placed to become part of
a structure,

Terms'to Know

concrete hydration

admixture mixer

additive agitator

coarse aggregate graded

fine aggregate types of

screened admixtures
stockpiling a. entraining agents
portland cement b. water reducing
kiln agents

clinker c. retarders

d. accelerators

Think About It!

1. What is the difference between cement
and concrete?

2. Look in your telephone directory and find
out how many “ready-mix’’ concrete mix-
ing plants are located in your community.




Finishing Concrete

Placing and

The forms for the concrete foundation
have been completed. The reinforcing steel

“has been set, tied, and fastened in its posi-

tion in the forms. The materials for the
concrete have been prepared, and the con-
crete has been mixed. We are now ready to
place the concrete in the forms.

Concrete may be mixed on the site, at a
batching plant (Fig. 41-1), or may even be
mixed on the way to the construction site in
a transit mix truck which has a large drum
on it. The drum turns slowly during its trip
from the batching plant to the construction
site to keep the concrete mixed. In unload-
ing the concrete and placing it, every step
must be done carefully to keep the heavy
particles from separating from the rest of
the mixture.

Fig. 41-1. For large jobs, concrete is often mixed at

a batching plant.

READING 41

Unloading and Moving Concrete

When the truck driver is ready to unload
the concrete, he reverses the drum. This
moves the concrete out of a gate that has
been opened to let the concrete flow from
the truck. The truck also carries a small
chute, Fig. 41-2. One end of this chute fits
under the gate, and the concrete flows into
it. The chute slopes down from the gate to-
ward the ground. At the lower end of the
chute there must be a container to hold the
flowing concrete.

If the concrete has been properly mea-
sured and mixed, we should get out of the
drum a gray material that flows as slowly
as a thick pancake batter. This concrete
sets quickly. Because the concrete has been
traveling for some time, it must be put into
the forms as rapidly as possible, for it must
be in the forms in its final position before
it sets.

The kind of container into which the con-
crete is dumped depends on where the con-
crete is to be used. When the concrete is
to be placed near the truck chute, it may be
placed directly into the form. Of course,
this easy placement of the concrete does not
happen often.

If the concrete is to be used quite a dis-
tance off the ground, it is often put into a
large bucket that is lifted by a crane and
swung into position over the form, Fig. 41-
8. Each bucket will hold from 1 to 3 cubic
yards of concrete. This concrete can be
dumped into a form by opening the gate in
the bottom of each bucket.

When the concrete must be used on the
ground beyond the truck chute, concrete
buggies may carry it from the truck to its

245 . 231
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position. These buggies hold only 6 to 11
cubic feet of concrete. They are small buck-
ets mounted on wheels. Sometimes they are
driven by motor and sometimes they are
pushed by hand, Fig. 41-4.

Fig. 41-2. The tronsit-mix truck is oiten driven onfo
the construction site to unload the
concrele.

Fig. 41.3. Concrete is put irto o large bucket to be
lifted by o crone.
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At very large sites, concrete may be tem-
porarily dumped into steel tanks called
hoppers, which may be located at various
points around the site. From these, it can
be dumped into concrete buggies which de-
liver the concrete to its destination. This is
done so that the delivery truck may return
to the batching plant. While the truck is
gone, each hopper can supply concrete to a
number of buggies. Thus, the expensive
truck is used more efficiently.

Usually, the concrete is placed by using
chutes, buggies, buckets, or hoppers. On
large projects, however, placing concrete
can be done much faster by using conveyors
(endless moving belts) or by pumping it
through hoses.. Conveyors and pumps place
concrete at the rate of at least 30 to 40
cubic yards per hour. Conveyors are the
cheapest possible way to place large

Fig. 41-4. When the concrete cannot be placed
directly from the chute, it may be corried
from the truck in concrete buggies.
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amounts of concrete which require interme-
diate handling between truck and form.
Although they work well for most jobs, con-
veyors are not presently suited to raising
concrete straight up. Pumps, however, work
well for this.

Placing and Consolidating Concrete

In locations where concrete is to be thick,
it is placed in layers about 12” deep. After
each layer is placed into the form, it is agi-
tated (worked) with a rod or shaken by a
vibrator to consolidate the concrete, Fig.
41-5. A vibrator 7s a tube that is closed at
one end. It is about 12”7 in length and 2” or
3” in width. A long hose containing a flex-
ible shaft is fastened to the open end and
put down into the wet concrete. The shaft
in the hose is turned by a gasoline engine
or an electric motor which causes the tube
or vibrator head to shake. The vibration
forces the concrete tightly against the form
and gets rid of air bubbles. Vibrating keeps
the concrete mixed, levels the top of the
layer, and mixes the top layer of concrete

Fig. 41.5. A vibrotor is used to settle the concrete
oround the forms and the reinforcement.
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with the layer beneath it. For thin layers
of concrete, like sidewalks, vibrating is not
needed.

If a wall form is very deep, the concrete
is dumped from a small hopper that has a
chute. fastened to it. This chute is made up
of short sections of tubing that are loosely
fastened together. Because of this, it is
sometimes called an elephant trunk. Various
lengths of chute are needed for filling up a
deep form in order to be able to control the
placing of the concrete. If the concrete were
allowed to fall a long way without being
confined by the chute, the heavy pieces in
the mixture would plunge to the bottom of
the form.

Leveling Concrete

When all the concrete has been placed,
the concrete surface should be at the same
level as the top of the form. To level the
concrete, we use a straightedge rested on
screeds (guides for leveling the surface).
The straightedge is a long piece of straight
wood or metal. One end of the straightedge
rests on the top of one side of the form while
the other end rests oii the opposite side of
the form (also called screeds). Cement fin-

Fig. 41-6. Alter being ploced, the concrete is leveled.
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ishers push the board back and forth over
the concrete until the surface is level with
the screeds or top of the form. See Fig. 41-6.

When a slab is very large, one straight-
edge may be too short to reach from one
side of the form to the other. Then addi-
tional screeds must be set in between the
form faces. These s2reeds are pieces of lum-
ber or steel that are set parallel with one
face of the form inside the area where the
concrete is to be placed. The tops of all of
the screeds (both those which are the tops
of the forms and those inside the forms)
are at the same level.

The bottoms of the screeds inside the
form must be kept from touching the top
layer of steel used to reinforce the concrete.
To keep these screeds in position, they are
nailed to stakes driven into the ground be-
tween the openings in the rods of the rein-
forcing steel. Steel pins are sometimes used.
Screeds are usually set 6’ apart and parallel
to one another so that the straightedge can
be pushed back and forth over them to
smooth the concrete surface.

After the concrete in the slab has been
placed and has Leen smoothed by this proc-
ess, the concrete soon sets up. When the

Fig. 41-7. After the surface of the concrete is leveled,
it is flooted to make sure o smooth mixture
of cement, sond, and water is on the surfoce.
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surface is stiff but not hard, the screeds
inside the form are then removed from the
concrete, and the grooves they make are
patched.

Floating Concrete

There are several surface finishes that
can be put on a slab of concrete; but, be-
fore we put on the final finish, we must
float the surface that has been smoothed
by using the screeds. After the concrete
has stiffened, but before it hardens, float-
ing is done by the cement finisher. He uses
a tool called a wood float which he moves
back and forth over the surface until it is
level and no coarse particles can be seen.
Floating the surface is done to be sure that
there is only a smooth mixture of cement,
sand, and water on the surface. No coarse
particle should show. After the concrete
has been floated, a final finish can be put on.
Sometimes, however, a float finish is used
as the final finish. See Fig. 41-T.

Finishing

Usually a smooth finish like that found
on a sidewalk is needed. A smooth finish is
called a steel trowel finish. The cement fin-
isher makes it by moving a steel trowel
back and forth over the surface. A troweled
surface can also be made with a finishing
machine. The finishing machine has an en-
gine or motor that slowly turns a wheel to
which three or four steel trowels have been
fastened. It can finish a large area in a short
amount of time, Fig. 41-8.

The top of a foundation wall may be fin-
ished in the same way as a concrete slab.
If we plan to put more concrete on top of a
foundation wall, it should be left very rough
so that the concrete will be able to bond or
stick to it. A float finish should be left on
top of a wall if masonry, such as stone or
brick, is to be laid on it.
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For other kinds of walls, we may wish to
leave anchor bolts sticking up out of the top
of the wall. Steel or wood for the super-
structure can then be fastened to the bolts.
Bolts must be put in before the concrete is
placed for the foundation walls. When bolts
are put into the top of a wall in a slab or in
the top of a pier, they must be put in very
carefully. To do this, a wooden frame is
nailed to the iup of the form where the bolts
are to be placed. Holes are drilled in the
frame exactly where the bolts are needed.

Since the bolts are to be anchored in the
concrete, the buried part of the bolt has a
hook on it. Before the concrete is placed, 2"
or 3” of the bolt is pushed up through the
hole which has been drilled in the frame.
This part of the bolt is threaded so a nut
may be put on it to hold the bolt to the
frame. After the concrete has been placed
and has hardened, the bolt cannot move.
The nut is then taken off, and the frame is
removed just before the wall forms are
stripped. Nothing can be done with the
other surfaces on the wall or pier until the
forms have been removed.

Fig. 41-8. lorge surfaces are often troweled with o
finishing machine.

1Y)
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Summary

Concrete is moved from mixers or trucks
to the forms by chutes, concrete buckets,
concrete buggies, hoppers, conveyors, or
pumps. While the concrete is being moved,
heavy pieces in the mix must be kept from
settling. Concrete of any great thickness
must be agitated or vibrated when it is
placed.

After concrete has been placed, the sur-
face is made level with the top of the form
by using a straightedge set on screeds. If
the concrete slab is very large, additional
screeds must be set in between the ones on
the form faces.

Before the final finish is put on concrete,
it must be floated. The cement finisher does
this by passing a wood float back and forth
over the surface until no coarse particle
shows.

After a float finish has had several hours
to get firm, the final finish can be put on.
A smooth finish is called a steel trowel fin-

Placing And Finishing Concrete
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ish. This is done by moving a steel trowel batch straightedge
- back and forth over the surface. hopper sets up
For some walls, we may wish to leave agitate troweled
bolts sticking up out of the top of the wall vibrate steel trowel finish
to use for bolting the superstructure to the conveyor .

foundation or substructure. These bolts
must be put in and held in position before
the concrete is placed.

Think About It!
Terms to Know 1. Look around your home or school and
find several different concrete surfaces.
transit mixer truck pump Identify at least one steel trowel finish
a. drum leveled and one float finish.
| b. gate floated 2. How does weather affect concrete finish- 54
i c. chute screed ing?
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Completing
Foundations

After the concrete has been placed in the
forms and the visible surfaces finished,
there are still several important stcps for
the completing of the foundation: (1) al-
lowing the concrete to set, (2) removing
the forms, (3) making sure that the con-
crete is properly cured, and (4) treating
the surfaces which were covered by the
forms.

Allowing the Concrete to Set

The concrete workers must leave the con-
crete in the forms until it sets. Concrete is

Fig. 42-1. Green concrete is firm, but it is neither
hord nor strong.

set when it will retain or hold the shape
given to it by its particular form. Concrete
which is set is firm, but it is not hard or
strong. The amount of time needed for con-
crete to set depends upon the kind and
amount of concrete used and the tempera-
ture and humidity during the time it is in
its form. However, concrete will usually set
in 12 to 24 hours. It usually takes a much
longer period of time for concrete to be-
come hard and strong. The time needed for
the concrete to become hard and strong is
called the curing time. This will be discussed
later in this lesson.

Removing the Forms

The process of removing the forms from
around the concrete is called stripping the
forms. The workmen must not strip the
forms until the concrete has properly set.
In some cases, the concrete is allowed to
cure before the forms are removed. Con-
crete which has set but has not cured is
called green concrete. It is firm but not
hard and strong, Fig. 42-1.

To strip the forms, the workers must
knock the braces loose and pull out the
stakes. Next, they break off the ends of the
ties. Then they can separate the forms from
the concrete. Using hammers, wrecking
bars, nail pullers, pliers, and wrenches, the
workmen then remove the walers, studs,
plates, and facing material, Fig. 42-2. The
men must work carefully when removing
the forms so that they do not damage or
break the parts. Form materials can be re-
used, and this reduces o.: lowers the cost of
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the foundation. The men must be very care-
ful when they strip forms from green con-
crete, because green coicrete breaks and
chips easily.

After all the form parts have been re-
moved, the workers clean and store them
for future use. Cleaning form parts includes
pulling nails, scraping or knocking off con-
crete particles, and treating the forms for
future use.

Curing is the process through which the
concrete becomes hard and strong. Curing
is not the result of the concrete’s drying
out. Rather, it results from a chemical re-
action of the elements within the concrete.
In fact, curing will not be completed if the
concrete dries out too quickly. Therefore,
concrete workers take steps to keep the
concrete from drying out rapidly.

They may use one of several techniques
to keep the moisture in the concrete: (1)

. —wnﬂu

ig. 42-3. To keep concrete from drying too fast, it
may be covered with straw and sprayed
with water,

.

Fig. 42-2. Alter the surfoce of this concrete is finished and set, the forms will be removed.
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curing with water and (2) curing with seal-
ing membranes. Moist curing is done by
spraying the concrete regularly with water
or by covering the concrete with earth,
sand, straw, or burlap, and then keeping the
covering damp, Fig. 42-3. Curing with seal-
ing membranes means that a thin, protec-
tive coating is sprayed on the surface of
the concrete as soon as the forms are re-
moved, Fig. 42-4. This coating holds mois-
ture in the concrete. Concrete must be kept
moist for the first part of the 14 to 28 days
it usually takes to properly cure it.

The curing process may be speeded up
with accelerators (special admixtures), spe-
cial grades of improved cements, careful
design of the mix, and by steam curing.
Modern concrete technology makes it pos-
sible to produce in 24 hours or less concrete
which will support 3,000 pounds per square
inch. Because this can only be done with
added expense, these techniques are saved
for projects where shortening the curing
time is worth the extra cost.

Fig. 42.4. In the process of curing, concrete is

sometimes sprayed with a curing compound
which holds in the moisture.

o
~
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Treating the Formed Surfaces

Formed surfaces are those which touch
the forms and can be seen only after the
forms have been stripped. The first step
that the concrete workers take in treating
formed surfaces is patching holes caused by
the form ties and any other defects which
show in the concrete. The workers put a
mixture of sand, portland cement, and wa-
ter into holes and other chips which show
after the forms are removed, Fig. 42-5.

The final treatment depends on the loca-
tion of the surface. If the surface will touch
earth, it may need to be protected from
moisture. Concrete is waterproof if a per-
fect job of placing and finishing is done.
Usually, however, there are small defects
which allow moisture to gradually seep
through the concrete. Therefore, workmen
waterproof the concrete by putting a layer
of asphalt on the surface. The men either
brush or spray the asphalt onto the concrete.
If a very durable or strong waterproofing

Fig. 42.5. Formed surfaces often have holes and
chips in them thot need patching.
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is nceded, the workers put on alternate lay-
erss of asphalt and asphalt-saturated paper
to build up a thick coating on the concrete
surface, Fig. 42-6.

If the surface of the concrete will not be
in contact with moisture and will be ex-
posed to view, like the surface of piers
which support an elevated highway, it is
treated in a different way. The workmen
may treat the surface with a stoned finish,
a sack-rubbed finish, or a special coating.

To apply a stoned finish, the workers wet
the concrete surface thoroughly with water
and then rub a mixture of sand, portland
cement, and water over the surface. Then,
the surface is ground with a flat stone until
it is smooth and all blemishes are removed.

The concrete finishers apply a sack-
rubbed finish by wetting the concrete sur-
face, rubbing a thin mixture of sand, port-
land cement, and water over the surface
with a piece of burlap or sponge float, and
then rubbing a dry mixture of sand and ce-

Fig. 42-6. The foundation wall in the center of the
picture has been treated with asphalt.

f
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ment over the same surface When the
finishers have completed the sack-rubbed
treatment, the surface has the appearance
of sandpaper, but all holes have been re-
moved. '

Sometimes concrete surfaces look better
when special coatings, which are designed
to be used on concrete, are put on them.
The workers either brush or spray these
coatings onto concrete surfaces, Fig. 42-7.

Summary

There are four important steps needed to
complete a foundation after the concrete
has been placed and the exposed surfaces
have been finished. These steps are: (1)
allowing the concrete to set, (2) removing
the forms, (3) making sure that the con-
crete is properly cured, and (4) treating the
surfaces which were covered by the forms.
Concrete which has set but has not cured is
called green concrete. It is firm but not
hard and strong.

Forms are usually removed after the con-
crete has set. However, in some cases, the

Fig. 42-7. A special finish will be opplied to the
exposed concrete,
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concrete may be allowed to cure before the
forms are stripped. Curing results from a
chemical reaction within the elements of
concrete. Concrete must be kept moist for
the first part of the 14 to 28 days it usually
takes to properly cure it.

Foundation wall surfaces which are in con-
tact with moisture are usually water-
proofed. Wall surfaces which are not in
contact with moisture and which show after
the structure is complete may be stone fin-
ished, sack-rubbed, or coated.

Terms to Know

setting of concrete green concrete

setting time waterproof
curing of concrete asphalt
curing time stoned finish

stripping the forms  sack-rubbed finish
formed surfaces special coatings

Think About It!

1. When concrete cures, it becomes hard
and strong. Is curing simply the result
of the water drying out? Does some
other reaction or process take place? If
so, what does occur?

2. List two reastcns why some hardened
concrete surfaces must receive a final
surface finish.
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READING 43

You have learned that the first step in
building a structure is to set the foundation
or substructure. We are now ready to start
on the second step of construction, building
the superstructure. Later you will study
these units: (1) how each major kind of
superstructure is built, (2) how framed
superstructures are enclosed from the
weather, (3) how utility systems are in.
stalled, (4) how framed superstructures are
enclosed on the inside, (6) how the super-
structure is finished, (6) how painting and
decorating are done, and ('7) how accessories
are installed.

Superstructures

When you look at the structures around
you, the part you see rising above ground
lerel is the superstructure. It is the part of
the structure which rests upon the founda-
tion, or substructure. Towers, such as those
used for television broadcasting or for
transmitting electricity, are mostly super-
structure. However, they also have a founda-
tion under them, Fig. 43-1.

The design of a superstructure depends
upon the purpose for which the structure
will be used. The superstructure of a manu-
facturing plant is designed so articles may
be produced in it. A bridge or highway
superstructure is designed to carry traffic.
The substructure supports both the weight
of the superstructure and the traffic.

In some structures there is no clearly de-
fined superstructure. In a dam, the part
which rises above the ground surface and
holds back the water may be thought of as
the superstructure. That part of the pyra-
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mids in Egypt which rises above the surface
of the sand is the superstructure,

When we consider a canal, a tunnel, or
underground piping, we cannot say that one
part of these structures is a foundation and
that another part is the superstructure, Fig.
43.2. Railroad tracks usually are not called
superstructures, However, they do rest on a
foundation and may be classed as super-
structures.

Fig. 43-1. Superstructutes serve the purposes for
which projects are buwilt.
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Kinds of Superstructures

The superstructures you see around you
may be divided into three kinds: (1) mass,
(2) bearing wall, and (3) framed super-
structures.

Mass superstructures are made of large
bodies of materials which generally cover
large areas. Examples of mass super-
structures are earth or concrete dams and
cast-in-place concrete retaining walls, Fig.
43-3. Large monuments built of piled up
stone, such as the pyramids of Egypt or the
Washington Monument, also are mass super-
structures, Fig. 43-4. Mass superstructures
may have very little or no open space inside
the mass of materials.

Bearing wall superstructures are made
of masonry or other materials and usually
are built as walls, or walls and roofs. Bear-
ing wall superstructures enclose a space.
See Fig. 43-5.

Framed superstructures are those such as
houses which are built with a frame. The
frame is like a skeleton. The parts that
make up the frame serve the same purpose

Fig. 43-2. Some projects, such as carals, are hard to
clossify into substructures ond
superstructures.
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as do the bones in your body, Fig. 43-6.
Frames for superstructures may be made of
steel, reinforced concrete, or wood. The mem-
bers of a frame are columns or posts with
beams connecting one to another. When
these members are properly assembled, they
provide a rigid form for the superstructure.
The frame supports the materials which en-
close the space within the superstructure.

Fig. 43-3. Son luis Dom in Celiforio is on example
of o mass superstructure.

Fig. 43-4. Mass superstructures ore omong mon’s
oldest ccnstructed works.

o
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The materials used to enclose framework
may be steel panels, concrete slabs, wood sid-
ing, sheets of plastic or glass, or various
kinds of masonry.

Mass Superstructures

Superstructures which are built using a
mass of materials are made from bulk ma-
terials which are taken fron: the earth and
put into the structure without much process-
ing. Earth dams, for example, are con-
structed by excavating earth at one location
and hauling it to another to be dumped,
spread, and compacted without much proc-
essing. Embankments built along rivers for
flood protection are built in much the same
way.

Materials used in mass superstructures
also may be made from separate elements of
earth that are partially processed and then
are cemented together. Concrete is an ex-
ample of this. You have learned that con-
crete is a mixture of aggregates taken from
the earth combined together with cement
and water. Certain structures, such as con-
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Fig. 43-5. lood beoring superstructures are enclosures
which are not fromed. These tanks are
examples of this type.

>

crete dams, use solid masses of concrete.
Concrete retaining walls or concrete walls
used for flood protection also are made of a
solid mass of concrete.

Bituminous concrete is made from stone
aggregates which are bound together with
asphalt. Bituminous concrete is used for
surfacing roads, parking lots, and air fields.
These surfaces are a kind of mass super-
structure.

The Tower of Babel was built using
masses of brick bound together. It is an
example of a mass superstructure. The
brick was placed into solid rectangular
layers with each layer smaller than the one
below it. This tower was built many cen-
turies ago in Babylon with the hope that
the top of it would reach to heaven. The
bottom was 300° square, and the top of it
was 326" above the earth.

Bearing Wall Superstructures

In early times walls were built of stone
and were sometimes so thick that they
seemed almost like mass construction, Fig.
43-7. Walls might have been 3’ or 4’ thick
or more, especially if the superstructure was
very tall, such as a cathedral. Today, such
walls are not often more than 16” or 18"
thick even when the building is quite tall.

Fig. 43-6. Framed superstructures have skeletons
which perform in much the same woy as
do the skeletons in our bodies.
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Brick and concrete block are still much in
use today. However, stone is not often used
now for masonry superstructures.

Masonry walls enclosing a space to form
a superstructure are often called bearing
walls because they support the weight of
the floors and the roof as well as all of the
weight of the superstructure above them,
Fig. 43-8.

»

Framed Superstructures

Frameworks of buildings provide the
skeletons on which to support the walls that
close in the superstructure, the floors that
divide it into levels, and the roof over it.
When you stand on the floor of a tall build-
ing, it is really the framework that supports
your weight.

All frames for superstructures are made
of individual pieces that are assembled and
fastened together. This is true even with
concrete framework even though reinforcing
steel and formwork are required to produce
it.

Frameworks may be built of steel, of
reinforced concrete, or of wood. The tallest

Fig. 43-7. load beoring superstructures of mosonry
hove been in use for many yeors.
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buildings use frameworks made of steel. The
Empire State Building in New York City
rises more than 1,200’ in_tp.the air. It has a
framework made of steel.

Because the individual members of a con-
crete frame are larger in cross section than
those made of steel, concrete frameworks
are used for much lower buildings. Concrete
frameworks would take up too much of the
space inside a very tall building. Generally,
they are used in buildings rising only 100’
to 200’ into the air.

Today, many buildings have frameworks
made of wood. However, such buildings
usually are not more than 30’ or 40’ high.
Most of the superstructures framed with
wood are the houses in which we live. Wood
is used for framing houses because it is
easy to work with and inexpensive.

A framed superstructure provides more
space inside and is lighter in weight than
the mass or bearing wall superstructures.
It also provides a superstructure that can
be carried many hundreds of feet into the
air. A tower is the simplest form of a
framed superstructure. Perhaps the best
known example of a tower is the Eiffel
Tower in Paris, France. The Eiffel Tower
was built in 1889 for the Paris Exposition
by the man who designed it and for whom

Fig. 43-8. Some of our newest construction is ot
lood beoring, prestressed concrete s-.ctions.
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it was named, Alexander Gustave Eiffel.
This tower is 984’ high and was built by
assembling 12,000 separate pieces of iron.
Steel was not yet in use in 1889. The pur-
pose of the tower was to permit sightseers
to climb the stairs or be carried to the top
in an elevator in order to see Paris from a
point high in the sky. Today, almost all the
towers are built of steel; but they still are
built of many pieces.

Summary

The superstructure is built on top of the
foundation or substructure. The superstruc-
ture serves the purpose for which the whole
structure was built.

Mass superstructures are those built from
materials taken directly from the earth.
Sometimes these materials are bound to-
gether with cement or asphalt. Bearing wall
superstructures are those which are made
of masonry or other materials which are
built into walls around the place to be en-
closed. Framed superstructures are made of
steel, reinforced concrete, or wood. These are
assembled to provide a skeleton upon which
the walls, floors, and roof can be constructed.

Superstructures

1—Earth 5—Other materials
2—Brick and stone 6—Concrete
3—Concrete 7—Steel
4—Masonry 8—Wood

nd
N
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Terms to Know

superstructure masonry
a. mass superstructure bituminous
b. bearing wall concrete
c. framed superstructure reinforced
concrete

Think About It!

1. Classify the following superstructures as
(a) mass, (b) bearing wall, or (c)
framed:

a. your home

b. your school

c. television tower
d. highway overpass
e. earth dam

2. In what way is a framed structure like
the human body?
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Fig. 43-9. large superstructures, such as this apartment
building, help reduce troflic problems in
large cities by locating people neor their
work.
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Building Mass
and Masonry
Superstructures

In the last assignment you learned about
superstructures and ways in which they
could be built. In this assignment you will
study two kinds of superstructures: (1)
those which use a mass of materials and
(2) those which use a limited mass of ma-
terials for walls, combined with a frame-
work for the floors and roofs.

Mass Construction Materials

Soil is a very common and widely used
construction material. It is available in large
quantities and is not too expensive. Soil is
used to build earth dams and other types
of earth embankments. It is used to shape
our highways and waterways. Even before
putting down the substructure of a road-
way, soil is moved, placed, and graded to
give the correct slope to the road.

Using soil in mass construction usually
involves these steps: (1) selecting good soil
for the job, (2) excavating, (3) hauling,
(4) spreading and mixing, and (5) com-
pacting. Soil must have the proper water
content in order to be packed as hard as
possible. '

Another material taken directly from the
earth’s surface is rock. Rock can be exca-
vated in large blocks or pieces by quarry-
ing. Quarrying means getting rock out of
the earth. These pieces can be used for
massive or very large superstructures. The
pyramids of Egypt were built of solid blocks-
of stone which were carefully quarried and
shaped. These blocks were hauled to the
gite on rollers and then were moved on
ramps (inclined planes) using ropes and
rollers, to where they were placed.

Many other monuments are built of
blocks of stone. An example is the Wash-
ington Monument in Washington, D.C., Fig.
44-1. The blocks of stone for this were
quarried and hauled to the site on wagons.
Each piece was then lifted into place using
a derrick resting on the part of the monu-
ment that already had been built.

Sometimes large pieces of quarried rock
are needed where the shape of the block is
not important. Breakwaters and jetties
which slow up the erosion caused by ocean
waves are superstructures made of irregu-
lar or odd-shaped blocks of stone piled
loosely in a long heap. These blocks of stone
can be quarried by drilling and blasting.

Mass superstructures also may be built
of cemented aggregates. Many kinds of ag-
gregates and ways of cementing them are
used for mass superstructures. Concrete is
the most common kind of cemented aggre-
gate. In primitive or early construction,
mud and clay were held together by mixing
them with straw, reeds, and brush.

You have learned something about con-
crete and how it is made and handled for
foundation construction, Fig. 44-2. There
are other superstructures built by using
concrete as a mass. Many retaining walls,
some of which are used to protect the earth
along rivers and ocean fronts from being
washed away or %o provide docks at which
ships can unload, are built of concrete.

Highway Superstructures

The surfaces of airports and highways
are a kind of mass superstructure. Many of
these surfaces are made of concrete, Fig.
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Fig. 44.2. Earthen and concrete doms are examples
of mass superstructures.

Fig. 44-3. Highways are the most commen fvr 2 of
mass superstructure.
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Fig. 44.1. Monuments represent one of man's oldest Fig. 44-4. A foundation is carefully prepared for the
kinds of mass superstructures. highwoy superstructure,
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44-3. To build a concrete road, the earth
along it is shaped to make a foundation,
Fig. 44-4. The soil is compacted or pressed
wown until it is fairly hard. A substructure
of crushed rock or gravel is then placed as
a foundation. On this foundation, forms are
set along both sides of the strip where con-
crete is to be placed. These forms are made
of heavy steel sheets which are bent so that
the top edges are rounded like the rails of
a railroad track. They are secured or fas-
tened to the foundation surface with long
steel pins driven into the earth.

A concrete mixing unit, usually mounted
on crawler treads, sits on the foundation
between the forms. Trucks bring coarse ag-
gregate, fine aggregate, and cement in dry
batchns to the unit and dump them into a
ground level hopper. The hopper is tilted
to pour its contents into a drum, water is
added, and the batch is mixed. The mixed
concrete is then spread over the foundation
surface between the forms. A mechanical
straightedge rides on the forms, as on a pair
of rails, to smooth the concrete off and to fin-
ish its surface. When the concrete slab has
set, the concrete is covered for curing in
the same ways as for slab foundations.

Another kind of roadway surface (super-
structure) is made with bituminous con-
crete. This is a kind of cemented aggregate
using crushed stone as a coarse aggregate
and sand as a fine aggregate. Asphalt is
used as a cementing agent instead of port-
land cement.

Asphalt is a black tarry substance which
can be found in pools or lakes on certain
parts of the earth’s surface. It also can be
manufactured from petroleum or from coal.

Bituminous concrete is prepared in mix-
ing plants much like those used for making
concrete. The aggregates are weighed and
moved inte a mixer on a conveyor belt. The
asphalt is melted and brought to the right
temperature and thickness before it is
poured over the aggregates in the mixing
tank. When the bituminous concrete has
been mixed, it is poured into dump trucks

which take the mixture to the paving site.

Bit